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SNTRODUCTION. 


HE origin of fire.arms and artillery is owing 

to the diſcovery of gunpowder ; but when 
this was, or in what country, we are ignorant 
of : it 15 however probable, that it muſt have 
been in the eaſtern part of the world, becauſe ſaltpetre, 
which 1s the principal ingredient, is found in great plenty 
in ſome provinces on the ſurface of the earth, and from 
thence is brought to Europe ever ſince its uſe has been 
known; and ſaltpetre being mixed with ſulphur, or 
ſome other combuſtible ſubſtance, either by chance or 
otherwiſe, produced a power by its exploſion not known 
before, whereby bodies could be thrown to a great diſ- 
tance, 

It is generally ſuppoſed that the Chineſe were the firſt 

that made this diſcovery ; for Ufano Vale/co, a Spaniſh 
author, mentions, that powder and guns were found in 
China in the year 85, by king Yitzy ; but whether it was 
known before in any other country is uncertain, 
The firſt diſcovery of powder in Europe was made by 
Bartold Schwartz, a monk, at Mentz, in 1320, by acci- 
dent; being a chymiſt, he happened to mix ſome ſalt- 
petre with ſulphur in a mortar, and covered it with a 
ſtone; the compoſition : accidentally taking fire, the 
exploſion blew the ſtone to a conſiderable diſtar.ce. This 
ſuggeſted the notion, that if this compoſition was pro- 
perly confined, it might be uſeful in the attack and de- 
tence of places: and from thence the invention of guns 
may be dated in Europe. 


b Roger 
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Roger Bacon, who lived about 30 years before, men- 
tions a compoſition known in his time, by which thunder 
and lightning could be imitated : Schwartz was the firſt 
who applied it to military uſes, 

It is ſaid that the Venelians made the firſt uſe of guns 
at the ſiege of Claudia Feſſa, now called Chioggia, in 
1366, which were brought there by two Germans, with 
ſome powder and leaden balls; but father Daniel proves 
from records, that the French had guns in 1338. As 
the invention of guns is ſo immediately connected 
with that of powder, it could not well be otherwiſe than 
that Shwariz was the inventor of both; and that they 
were from thence carried to France, and afterwards to 
Haly. 

Same authors ſay, that the firſt guns were made of 
iron bars laid lengthways, and kept together with ſtron 
iron hoops; and others, with thin ſheets of iron rolled 
up together and hooped ; but which way they were 
made, it muſt have been in a rude and imperfect manner, 
like the firſt cſſays of many new inventions. 

The firſt guns were but ſmall, and their ſhot of lead; 
but afterwards, when their uſe became better known, 
they were caſt of gun meta], and of extraordinary fize 
and their ſhot were made of ſtone : for the Turks had 
ſome at the ſiege of Conſtantinople, that threw a weight 
of 500 lb. and Louis XI. had one caſt of the ſame ſize ; 
many others are mentioned in hiſtory, who carried ſhots 
that weighed from 80, go, to 100 pounds. 

But as theſe guns were ſo very heavy, and could not 
be tranſported without great difficulty, they have been 
reduced to ſmaller calibers, and made their ſhot of iron, 
Since that time the largeſt caliber that were uſed was a 
48 pounder; but at preſent no larger are made in the 


land ſervice than 24; and at ſea 42 pounders. 


It was long imagined, that the more powder a cannon 
was loaded with, the greater its execution would be; for 
which reaſon they were loaded with as much powder as 

| 8:1 their 
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= their ſhot weighed, and to reſiſt ſo great a force, they 

were made very heavy, and of a great length, in order 

= to give time to the powder to burn all before the ſhot 
left the piece. 

This great charge was diminiſhed afterwards to two 
thirds, and then to one half, without leflening the weight 
of the guns, or their length. The chevalier Belidor 
made ſome years ago ſeveral] experiments relating to the 

charge of battering pieces, whereby he found that one 
third of the weight of the ſhot was ſufficient, and the 
French uſed no more during the two laſt wars: it is very 
probable that leſs might do; for ſome experiments were 
made at WYookoich with light field pieces, and it was 
found that one fourth and even one fifth was ſufficient 
for the charge of theſe pieces, 

Notwithſtanding the great importance it would be to 
a nation to have its artillery carried to ſuch perfection, 
as to make uſe of as little metal and workmanſhip as 
# poſſible, and at the ſame time to bring as many and as 
large calibers into the field as others, thereby reducing 
its immenſe expence to as little as is abſolutely neceſſary ; 

= yet it will be found upon examination, that very little 
improvement has been made in the proportions of guns 
ſince Dilicbius, a German, who wrote near 200 years 
ago. 

It is true Sf, Remy, a French author, publiſhed in 1723 
the moſt compleat and extenſive Tr-atiſe of Artillery, 
in two volumes in quarto, that 1s extant; which has 
ſince been much improved in the laſt Paris edition, in 
three volumes, publiſhed in 1745, containing all the 
improvements made in the artillery ſince the firſt edi- 
tion: but as it is only a collection of memoirs he re- 
ceived from the different artificers employed in theſe 
works, and who had no other knowledge than bare imi- 
tation, it could therefore not be expected that what they 
tranſmitted to him was grounded upon ſuch mechanical 


principles as depended upon mathematics, without which 
no real improvements can be made. | 
| | 03 All 
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All the authors that wrote ſince have done no more 
than copied his works in an imperſect manner, even the 
Germen authors follow him; though it is plain that the 
French have chiefly copied Dilichius : for their field car- 
riages are exactly the ſame to this day as he has deli- 
neated them in his work ; and as to the alterations they 
have made in the proportions of guns, they are trifling 
and very I tile io the purpoſe. 

If we conſider the various lengths and weights that 
have been given to pizces of artillery at different times 
by all nations, it will appear, that no principle is ſo 


uncertain and unſettled as that upon which the artillery 


artificers have grounded their conſtructions, For in 
queen Elizabeth's time they made ſome 18 pounders 24 
feet long, caſcable included, ſuch as the culverin in 
Deover-Cafile, and that at Nancy; and in king Charles the 
ſecond's, Count Mansfield made ſome 6 pounders that 
weighed but 180 Ib, and 25 pounders of 700 Ib, as is 
related in the account of the ſiege of Breda by the Spa- 
niards under the command of Spinola; and about the 
ſame time the Spaniards caſt ſome others not much 
heavier; one of them we had at Woolwich was 5 feet 
long, weighed only 21: 3: 4, and carried a ſhot of | 
about 41 pounds of our weight, 
Though theſe light pieces were then highly eſteem- 
ed for their eaſy carriage and facility of working, yet 
much heavier and longer have been made ever ſince 
without any manner of reaſon, till 1744, when Colonel 
Meideman, a German, brought light pieces in uſe again 
as a new invention of his own. His pieces were made 
of ſheets of copper rolled up and ſoldered together; 
they were ſo very light, that a 6 pounder weighed no 
more than two hundred and a half, and yet ſtood all the 
proofs that were required. | 
This gave riſe to our light field pieces; but it was 
not without great difficulty that they were received, and 
no leſs than the expreis command of his royal highneſs 
the late duke of Cumberland could haye prevailed over 


the 
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the ſervile attachment for an old eſtabliſhed cuſtom, 
though ever ſo erroneous, which, when once covered by 
the veil of time, becomes in a manner ſacred. 

But even lighter field pieces than the preſent might 
be uſed, for on the 12th of June 1751, ſome experi- 
ments were made on Putney-Common by baron Stark, 
a German, with a piece made of a new metal of his 
invention; which piece was a 6 pounder of 3 feet and 
a half long, and weighed 3: 2: o, as he ſaid, and it 
was fired 300 rounds in three hours and 45 minutes, 
being loaded each time with a pound and a quarter of 
powder, without receiving the leaſt damage. 

This trial being reported to lord Ligonier, then maſter 
general of the ordnance, he and the reſt of the principal 
officers of the board reſolved to try our light 6 pounders, 
in order to know whether they would ſtand the ſame 
trial or not; and accordingly, on the 15th of June, my 
lord pitched upon one amongſt thole that had been uſed 
at the battle of Lafelat. This piece was four feet and 
a half long, and weighed 4:3:0; and after being 


fired 300 rounds in three hours and 27 minutes, loaded 


with the ſame charge as that above, was found not to 
have received the leaſt damage. The ſame trial has 
been repeated afterwards with a gun of the ſame dimen- 
ſions as the former, which had been made by another 
founder, and it ſucceeded equally as well. 

Theſe trials ſhew, that thoſc light picces are ſufficiently 
ſtrong for any action ever ſo obſtinate; and that pieces 
in general may be made lighter than they are at preſent, 
appears from ſeveral other trials made ſnce with light 


braſs pieces, according to my conſtruction, as will be 


ſhewn hereafter. 

It is faid that ſuch light pieces would not do for bat- 
tering breaches, nor on boaid of ſhips, becauſe of their 
recoiling too much; but it ſhould be conſidered, that 


batteries made upon theſe occaſions are always, or ought. 


to be near the object, and the charges now uſed are but 


half the former, becauſe a ſhor, which has a ſufficient 


b 3 velocity 
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velocity juſt to enter the wall, ſhakes it more and de. 
ſtroys it ſooner than if the velocity was much greater, 
This is a matter of fact grounded upon experience, 

It is ſuppoſed at preſent, that no leſs caliber than a 
24 pounder will do to make a breach: and it may fo 
happen, that the heavy pieces cannot be carried through 
bad roads, as in America, or over high hills, as in Scot- 
land. Upon theſe occaſions it ſeems to be abſolutely 
neceſſary to have light pieces: for which reaſon we have 
given a new conſtruction of light "5 in page 62, 
where the weight of a 24 pounder is 18: 1 : 53 which 
differs in ſome things from thoſe uſed at 49 877 becauſe 
mine are made the ſame number of calibers long, and 
their weights in proportion to that of their ſhot, as we 
ſhall prove hereafter they ſhould be; whereas the large 
calibers of the preſent are made ſhorter and lighter in 
Proportion than the ſmall; and it has been found by 
experience, that the preſent light 24 pounders recoil too 
much, let the hind part of the platform be ever ſo much 
raiſed. 

Artillery has hitherto been conſidered merely as prac- 
tical, without conceiving that for want of the mechanical 
principles, deduced from mathematics, no improvements 
can poſſibly be made, For all the experience of the 
artillery officers cannot be of any uſe in the conſtruction 
of pieces, as their buſineſs is to make the beſt. uſe of 
them, and not how they are made, neither are they ever 
conſulted upon that ſubject, 

To put the artillery upon a better footing than it has 
hitherto been, proper experiments ſhould be made in 


time of peace, and by ſuch as have ſufficient Knowledge, 


ſo as to be able to draw juſt inferences, which is ſeldom 
the caſe, as it appears by thoſe hitherto made, and which 
will be inſerted hereafter, where it will be ſhewn how 
little the moſt of them may be relied on. | 


It is certain, that in moſt caſes common geometry 


and the principles of mechanics is ſufficient ; but there 
are others which cannot be determined without the higher 
principles 
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principles of mathematics. For how can the velocities 
of ſhots and ſhells be determined, without being ac- 
quainted with the laws of reſiſtance, and which cannot 
be known without the uſe of fluxions, nor the finding 
the curve deſcribed by the ſhot, which is one of the 
moſt intricate caſes? Again, the proper length and 
charges of pieces cannot be determined without the laws 
of motion in a reſiſting medium: it is true that expe- 
riments may be made tor that purpoſe ; but how far we 
may depend on them, without being confirmed by a 
proper theory, will appear hereafter. 

A remarkable cuſtom has prevailed all over Europe, 
which is the making ſmaller calibers much longer in 
proportion than thoſe of a higher nature; imagining, 
I ſuppoſe, to increaſe thereby the velocity of the ſhot, 
without knowing that a piece may as well be too long 
as too ſhort : as long as this pernicious cuſtom prevails, 
no improvement can be made in artillery ; for as a greater 
number of ſmall calibers are uſed than large, and the 
ſmall are thereby as heavy again as they need be, were 
their length of a juſt proportion. : 

, Had it been known that every caliber has but one 
determined length and charge by which it will carry its 
ſhot farther than any other greater or leſs, and that it 
cannot exceed a determined velocity, let the ſhot be 
impelled by any force whatever, and that theſe velocities 
are always in proportion to the diameters of the ſhor, 
this practice would not have been followed. But as the 
demonſtrations of theſe principles depend on the method 


of fAluxions, which would not have fo well ſuited in a 


practical treatiſe as this, I was obliged to write a treatiſe, 
where every thing relating to artillery, not inſerted here, 
will be found. | 
To ſettle artillery upon a proper foundation, we ſhall 
relate all the moſt remarkable experiments made hege 
and abroad, beginning with thoſe inſerted in &. Remy's 
memoirs, volume i. page 114, which are ſaid to be the 
oldeſt upon record. | 
: b 4 It 
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It is eaſily perceived, 
that no dependance can be 
had on theſe experiments. 
For it is a plain contra- 
diction, that the point 
blank ranges of a 24 and 
16 , pounders ſhould be 
longer than that of the 
33 pounder; and that the 
random range of theſe laſt 
guns ſhould be no more 
than that of the 24 poun- 
der. Again, the 16 poun- 
der tandom range to be ſo 
much greater than the reſt. 
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Ranges in Paces. 


[C lib Point bla. L. At random. 
33 | 600 6000 - 
24 | 800 6000 
16 | $00 8000 | 

| 12 450 5000 

8 | 300 3000 

— — — — — — * 

4 150 1500 


— —„— — 4 


As neither the length and weight of pieces, nor the 
weight of the charges are mentioned, though the expe- 
rimegts were true, no uſeful inferences can be drawn 


from them. 

© Monſieur du Metz, lieutenant ge- Calib. Ranges. | 

neral, made in his time the following ——— 

experiments. on the ranges of guns, | 24 22 50 Toiſes 

by which he found that the French —ͤ — 

pieces loaded with two thirds the | 16 2020 

weight of the ſhot, and thoſe of the — 

ne w invention loaded with one third, | 12 | 1850 

ranged the ſame diſtances when ele- —— — 

vated at an angle of 45 degrees. 8 | 1660 
As neither the length or the weight 

of the pieces are mentioned, nothing By I520 


can be concluded from theſe experi- 
It is ſurprizing that Sr. Remy did not mark the 


ments. 


dates of theſe experiments, nor what the French pieces were 


at that time, as well as thoſe of the new invention, 


If 


1 may venture to gueſs, their length were 10 feet, all 
except the 8 and 4 pounders, which were only 8 feet, 
according to the ſecond table hereafter ; and thoſe that 
are called of the new invention had ſpherical chambers. 


If 
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If this be true, all that can be concluded is, that 10 
feet is a better length for a 24 pounder than for any 
other caliber, when loaded with a weight of powder 
equal to the two thirds of their ſhot 3 but as no piece is 
loaded ar preſent with that charge, theſe experiments 


can be of no uſe. 


IX 


There are ſeveral tables of the lengths and weights of 
the French pieces uſed at different times not ſpecified, 
except the laſt of the preſent. 

That which ſeems the oldeſt is the following, pag. 73, 


volume i. | 

This table ſhews how 
rude and imperfect the 
firſt trials of artillery were, 
and what enormous length 
the ſmaller calibers were 
made in thoſe times. 

Itis allo to be obſerved, 
that the 24 pounder, tho' 
13 feet long, weighed no 
more than 4.300 lb. where- 


as the preſent of 10 feet 
weigh 5400 lb. 


If the 
former were found to be 
ſufficiently ſtrong, what 
could induce them to load 


them with ſo much metal- 


now? All that can be ſaid 


is, that if experiments are 


made for a particular fancy 


only, and are not enquired 


into by the ſucceſſors, all 
the attempts an author can 
make for improvement are 
vain and uſeleſs to the 
public, 


TaBLE I. 

walib | Length. | Weight. © 
| Feet Inch. | 
48 10:0 7200lb. 
| 
40 | 16: 6 7000 
6666660 
3222: 0 7200 
24 13:0 4300 

20 | 16: © | 7000 
16 | 18: © 4200 
12 | 11:0 |. 4250 
1013: 0 3890 
8 | 15: 0 3500 
4 -1--13: 36 2500 | 
— — — —- 


In 


x INTRODUCTION. 
In the table facing page 207, vol. ii. are marked the 


following dimenſions, 
This rable ſhews, that TABLE II. 


the length and weight of 555 Weg- 
pieces were better propor- . 

deere de 2 
15 — fntd lake + Tokens to tb $9 208 

. 
of the fue ag hore e 
„ 
n ele 


ſent, may be ſeen in the next table. It is evident, that 
the lengths and weights were not deduced from any ſolid 


reaſon,” but from the tancy of thoſe who are moſt at the 
head of that branch, 


T hat the weight of theſe 
guns is greater than they Taz T E III. 
need be, appears from our Cub. Length. | Weight. 
iron 24 pounders weigzß- — 
ing no more than 4800, 24 10: 1.5 | 5400lIb 
which is even too much, j|——— — — 
as will be ſhewn hereafter 16 | 9: 6 | 4200 
and according to this pro- — 
Portion, the ſet of them 124 9:0 3200 
contains 3230 lb. of meta! — —— 
more than the ſtrongeſt 84 21 | 2100 | 
conſtruction requires. —— — — — 

It muſt be obſerved, 418629 | 1150 


that the French reckon by 
the neat weight, and not by 112 pounds for a hundred 
weight, as we do; but it is ſhewn in page 11, that 
100 French pounds weigh ſomething more than 114 of 


Our 


_ down here. All theſe 
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our pounds; fo that a French hundred neat weight is 
more than our hundred of 112 pounds, 

We ſhall now come to the experiments made at home, 
or under the direction of Exgliſb officers. The firſt on 
record that came to my knowledge are thoſe made b 


eneral Armſtrong, ſurveyor general, in 1736, which are: 
if The length of theſe 6 txt 


pieces are expreſſed Length. | Range. | Range. | Range. | 
in feet and inches, | N 


and the ranges in 10: 6 | 2486 | 2614 | 2406 
| 


þ 


yards : out of a great 
many trials, three of 10: o | 2570 | 2532 | 2436 
the longeſt ranges of 


each piece are ſet 9: 6 | 2633 | 2560 | 2500 


— 


pieces were braſs 24 9: 02796 2494 | 2563 
pounders, and all |-———[- — 
weighed nearly 3200, | 8: 6 | 2586 | 2490 | 2466 
and were always load- — 
ed with two thirds of 8: © | 2438 | 2470 | 2433 
the ſhot's weight, that ? ; 
is, with 16 pounds. 
The intent of theſe experiments was to find the beſt 
length for a battering piece, when loaded with the com- 
mon charge then given; and that of 9 feet 6 inches 
was fixed upon as the beſt, though the firſt and laſt of 
the 9g feet ranges were the longeſt of thoſe in the ſame 
columns : this was owing, I ſuppoſe, to this length being 
more convenient for battering than that of 9g feet long. 
If we examine ſtrictly into theſe experiments, it will 
be found, that no improvement can be made from them, 
For no two guns can be equally bored, and the leaſt 
difference may cauſe a conſiderable one in the ranges : 
nor no two vents can be pierced ſo as to come out at the 
ſame diſtance from the bottom of the bore, which iS of 
the greateſt conſequence, as we ſhall prove trom repeated 
Experiments, 


Length 
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But ſuppoſing all the pieces were exactly bored alike, 
and the vents placed the ſame, what other concluſion 
could be drawn from theſe experiments, than that the 
beſt length of a 24 pounder is g feet 6 inches when load- 
ed with 16 pounds of powder? It is not probable, that 
if a leſs charge was uſed, as at preſent is the caſe, this 
length would be the beſt; neither can we draw any in- 
ferences from them in reſpect to the length of greater 
or ſmaller calibers. | 

It is not ſufficient to make experiments without any 
intention of their being uſeful towards the improvement 
of artillery in general, and ſuch as proper concluſions 
may be drawn from them; otherwiſe the greateſt uſe the 
can be of, is to determine ſome particular caſes only, 
which are by no means ſufficient, 


7 The beſt and molt uſeful experiments that have 
=X hitherto been made, are thoſe of general Milliamſon's, 
raſſiſted by major HiJope, and ſeveral other officers of 
3 artillery, which I ſhall inſert here, as taken from major 


Hiſflope's account. 

ExPERIMENTS made at Mahon in Minorca in 1745, 
=X with two iron 18 pounders, one of 11 feet long, which 
XZ weighed 31: 0: 5; and the other of g feet weighed 
39: 1: 3. They were fixed upon a rocky ground, and 
ſo contrived as to be elevated to any number of degrees. 

Hence it appears, thac when the pieces were loaded 
with 9 pounds of powder, the range was greater than 
when loaded with more or lels, 

Again, that the pieces of 9 feet long carried farther 
than thoſe of 11, in almolt all the ſame circumſtances, 
though the firſt is lighter than the ſecond ; which ſhews 
that the length of the ranges dots not ſo much depend 


1 2 1 2 = 
* 5 4h ah * . * 
„ * * * 


on the weight, as on a proper length, and on a proper 
= charge. | 
Ws The accuracy of theſe experiments is confirmed by 
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the theory: for we have proved in our appendix, that 
the greateſt range an 18 pounder can have, when ele- 
vated to 45 degrees, cannot be quite equal to 4190 


yards, 
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yards, becauſe, we have ſuppoſed ſuch a velocity as the 
ſhot cannot poſſibly have, but may continually ap- 
proach it. 

Now as the greateſt range in theſe experiments is 4160 
yards, which differing only by 30 yards, the computed 
ones evidently prove the accuracy of theſe experiments; 
and it proves with no leſs certainty, that 9 pounds of 
powder communicated the greateſt velocity to the ſhot 
that it poſſibly could receive by any force whatever. 

When thus experiments agree with a theory founded 
upon unexceptionable principles, there cannot remain 
the leaſt doubt of their certainty. 

As 9 feet is nearly 21 diameter of an 18 pounder ſhot, 
and 9 pounds of powder half the weight of the ſhot ; 
and it is preſumed that pieces, whoſe lengths and charges 
are proportional, will have their ranges likewiſe ſo; 
becauſe their greateſt velocities are proportional to the 
diameters of the ſhot, as we ſhall prove in the appen- 
dix: we may conclude with fome degree of certainty, 
that if the length of a piece of any caliber be 21 diameters 
of its ſhot, and loaded with powder equal to half the 
weight of the ſhot, it will carry farther than any other 
of the ſame caliber, eicher longer or ſhorter, loaded with 
any charge whatever. 

Thus we have at laſt determined that important 
. queſtion in artillery ſought for ever ſince its invention; 
but to be entirely convinced of the truth of our deter- 
mination, more experiments of this kind ſhou!d be made 
with various calibers; but care ſhould be taken that they 
may not be liable ro any exception. 

The moſt certain way of proceeding, in my opinion, 
would be, to caſt a gun of any caliber of 22 diameters 
of its ſhot long; to examine whether it is truly bored, 
and that the vent comes exactly out at the bottom of 
the bore ; then let it be fired with various chirges and 
elevations, till there is a ſufficient p oof of ts beſt 
charge; this being done, a part of the picce mult be 
ſawed off the length of its diameter, and che firit trials 

repeated 
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repeated as before: and when the beſt charge and its 
range are aſcertained, the length of the piece muſt be 
diminiſhed again by the length of the diameter of its 
ſhot. Theſe trials being continued till the greateſt 
ranges diminiſhes, then the beſt length and charge will 
be aſcertained of that caliber ; and thoſe of any other 
caliber may be found in the ſame manner. The only 
care to be taken in theſe experiments, is to mix well the 
powder, and to dry it in the ſun, that it may have always 
the ſame ſtrength as nearly as poſſible : another caution 
muſt be taken, which is, to make theſe experiments in 
clear and ſerene weather, and of the ſame hear, becauſe 
the powder will act more violently in a cold froſty morn- 
ing than in hot weather, as we fhall ſhew. 

Though it is proper to know the beſt length and 
charge of a piece, yet in real ſervice their length depends 
moſtly on the uſe they are made of, according, to the 
different circumſtances : thus ſhip guns ſhould be ſhorc 
and light, ſo as to be ealily houſed and loaded, becauſe 
the rammer handle is made of rope; in long pieces it 
muſt be bent, which requires great care to ram the 
powder and ſhot home; and when this is not done, the 

priming fires without the powder, which is always in 
cartridges; the failors thinking that the ſhot was diſ- 
charged, load it again, and miis firing as before. This 
has been found ſo for three times running, and when at 
laſt the powder in the firſt cartridge takes fire, often 
burſts the gun, and deſtroys the ſailors placed near to 
ſerve it; whereas when the guns are ſhort, the rammer 
handles may be made of woed in all ſmall calibers, and 
the ſervice become more expeditious. Belides, ſhips now 
come ſo near to one another, that the ſhots are not re- 
quired to go lo far; provided it takes place it is ſufficient. 
The only objection againſt light guns is, that if they 
recoil too much, they will be apt co tear their tackle, 
but it has been found by experience, that half the Gfſud! 
charge is quite ſufficient, and perhaps leſs. If then the 
charge is diminiſhed, the weight of the gun may _ 
wile 
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wiſe be diminiſhed, without increaſing the recoil. This 
ſhould however be done with diſcretion, and not with- 
out proper trials; for hazards ſhould be avoided as much 
as poſſible. 

Field pieces or battalion guns ſhould be ſhort and 
light, in order to be able to advance or retreat as faſt as 
the army ; ſuch are thoſe we make uſe of at preſent, with 
very little alterations in the calibers above a 6 pounder. 

Battering pieces, on the contrary, ſhould” be of a 
proper length toenter into the embraſures, that by their 
blaſts they may not deſtroy them too ſoon, becauſe it 
cannot be prevented entirely; for which reaſon the gun- 
ners repair them every evening when it is dark. 

With regard to garriſon pieces, their length ſhould be 
ſuch as that the ſhor may go fartheſt, becauſe in a ſiege 
they will oblige the beſiegers to open their trenches at a 
greater diſtance, which is generally without gun ſhot; 
and in a fort placed near a navigable river, or the ſea, 
they will reach the ſhips, when the ſhips cannot reach 
the fort. | 

For theſe reaſons we make in our new conſtructions 
the length of light field pieces 14 diameters of their 
ſhort, the ſhip guns 15 of thoſe diameters, and the bat- 
tering as well as the garriſon pieces 21; whereby the 
24 pounder for battering becomes 9g feet 8 inches long, 
which is 2 inches more than the uſual length. We 
might likewiſe uſe a 32 pounder, which, according to 
our conſtruction, page 52, would weigh but 5400, that 
is, only 200 more than our preſent braſs 24 pounder. 

The intent of the following experiments, which I 
made in 1753 with two ſmall mortars, was to find the 
propereſt place of the vent, and the beſt figure of the 
chambers : their bore was three inches, and 7. 5 long; 
one had a cyliadric chamber of one inch diameter, and 
two long; the other a concave in the ſhape of an egg, 
with a {mal} cylindric entrance of half an inch diameter, 
and the inſide terminated by a ſharp edge. Both theſe 
chambers held an ounce of powder at firſt, but widened 


by 
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by firing ſo as to hold an ounce and a quarter after- 
Wards. Each had two vents, one in the middle, and 
the other at the bottom; I had a ſcrew to ſtop one when 
the other was uſed : the mortars weighed 36 pounds 
each, and the ſhells 2 pounds 7 ounces at a medium. 
We have not. marked the angles of elevations, becauſe 
they were unneceſſary, only ſo far as that they were the 
ſame, when the lower and upper vents were compared. 


Fdr. Vent Cylind. Concave | 
— — Loaded with the com- 
630 750 ] mon ſhooting powder. 
= 630 730 | Weather cool in the |} 
2 Goo | 686 [morning, and ſultry 
| I 550 722 |afterwards, 
| © 5650 | 
111 1 £2 
9er de ks 
+ | 5 3 — 
2 8 * 9 | 5 | 
| 9 800 889 | With common ordnance 
2 756 575 powder. Weather warm 
{ = | 864 877 and windy. 
gf WPI SIT gi 257 770 288 N 
| = |, $100, | 194 | 
| 5 1023 | 1088 [With the beſt ordnance 
| D = 1003 | 1121 powder. Weather warm 
8 | 2 |” 1020 1122 [and windy. | 
2 1020 | 1200 | | 
j Ranges in Ranges in ; 
| Yards. | Yards. 


Colonel Deſaguliers and myſelf made ſeveral other 
experiments, together with a mortar of the ſame ſize 
that had ſeveral ſhifting chambers. The ſubſtance of 
what was moſt remarkable in them are as follows: 
A narrow cylindric chamber of about four inches 
long holding 12 grains of powder, being loaded with 
= © grains by means of a thin cartridge: when the powder 
was placed cloſe to the ſhel}, fo as the lower part of the 

C chamber 
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chamber was empty, and fired by means of a quick 


match introduced through the vent; and after this, it 
was loaded again with the ſame charge placed at the 
bottom of the chamber, and the empty e between 
the ſhell and the powder; the ſhell went near twice the 
diſtance in the firſt experiment that it did in the ſecond, 
and when the powder was placed in the middle of the 
chamber at an equal diſtance from the bottom and the 
ſhell, the diſtance or range was a mean between the two 
former. Theſe experiments were frequently repeated, 
and the ranges in the firſt caſe were always nearly double 
thoſe in the ſecond. From what cauſe it may proceed 
that the ſame quantity of powder, placed in the ſame 
ſpace, ſhould produce ſuch various effects, is not in my 

power to conjecture. | 2 

The ſame mortar being loaded with the ſame quantity 
of looſe powder, I put a little piece of writing paper 
upon it, by which the ſhell went much farther than 
when loaded with the ſame quantity of powder without 

aper. 

Three cylindric ſhifting chambers of different lengths 

holding the fame quantity of powder, produced the 

fame range when full; but when they were not quite 
filled, the longeſt produced the greateſt range. 

Two chambers in the form of a fruſtum of a cone, 
the largeſt baſe was at the bottom in one, and the fmalleſt 
of the other; the firſt carried the ſhell farther than the 
ſecond. | | 

The colonel tried two experiments more; the one 
between grained and mealed powder; and they were 
both found to be of an equal firength : and the other 
he put a ſmall phial filled with water into the chamber 
amongſt che powder, and found its ſtrength confiderably 
increaſed; that is, the ſhell went farther with the water 
than without it. The colonel tried likewiſe a cylindric 
chamber of about, four inches long, with four vents, 
one at the bottom, one at the upper end, and two in 


che 
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the middle, all four at an equal diſtance from each other, 
ſo that when one was uſed, the others were ſtopped by 
ſcrews; and he found that the loweſt carried the ſhell 
fartheſt, and the ranges of the others diminiſhed in pro- 
portion as they were diſtant from the bottom. 5 
Many uſeful obſervations may be made on theſe ex- 
periments, -- Firſt, that the vent placed near the bottom 
of the chamber is more advantageous than any where 
elſe; though this has been found ſo in mortars, we are 
not certain that it is the ſame in guns, which ſhould 
therefore be tried; and if it be found the ſame, the 
query is, whether the bottom of the bore ſhould not be 
flat, inſtead of roundiſh, as is the cuſtom, or to pierce 
the vent from the breech moulding, as colonel Meideman 
did, or elſe as the French do in ſome of their mortars, 
with a ſmall cup at the end of the chamber to receive 
the vent. From hence it appears how inaccurate expe- 
riments have hitherto been made, and how neceſſary it 
is to make new with all the neceſſary precautions, in 
order to improve artillery, and to bring it to perfection. 
Before theſe experiments were made, it was imagined, 
that when the vent is in the middle of the chamber the 


4 | Tange would be the greateſt, becauſe if a tube filled 


with powder was lighted in the middle, the powder 
would be burnt in half the time it would if lighted at 
one end, and it was ſuppoſed that the greater quantity 
burnt before the ſhot was ſenſibly moved from its place, 
the greater force it would receive; but notwithſtanding 
this plauſible reaſon, experiments have evinced the con- 
trary, | 
The next obſervation to be made is, that the concav 
chamber is preferable to the cylindric, and this to any 
other; which has not hitherto been conſidered : the 
Spaniards make theirs ſpheric, the French in the ſhape of 
a pear; and we conical. The various opinions authors 
and artilleriſts have concerning the figure of chambers 
are very extraordinary. The chevalier Belidor eſteems the 
conical the beſt; bur his reaſoning concerning the pro- 
755 C 2 | Perties 
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perties of different chambers in page xxiv. of his Bom- 
bardier. Frangois, are ſo very weak and inconſiſtent, that 
it is needleſs'to anſwer them : how ſo great a man as he 
is in all other reſpects could deſcend to ſuch vulgar 
errors is inconceivable. 21:3 f 0 N 
Mr. Robins, in page 41, old edit. pretends, that the 
figure of a chamber has no effect upon the action of 
powder, without ſhewing the leaſt reaſon for his aſſer- 
tion. Count Bukeburg will have a parabolic form, ima- 
gining, that if the fire was introduced to the focus, the 
rays of lighted powder would, by the nature of the 
figure, reflect into parallel direction in the ſame manner 
as the rays of light : ſuppoſing this was true, the ſhell 
would not receive a greater force by it, becauſe a fluid 
acts always in a perpendicular direction to the ſurface it 
ſtrikes; thus in a globe the directions of the fluid tend 
all to the center, as we ſhall prove in the fifth theorem; 
and when all the forces are reduced to the direction of 
the ſhell, it is that force reunited into one direction that 
produces the real effect, and not the partial ones. This 
not only refutes what his lordſhip ſaid, but likewiſe Be- 
lidor and Robins, as having all ſplit upon the ſame rock. 
It is not the inward figure of the chamber, but its 
entrance, which produces the effect; becauſe the ſmaller 
It is, the neater it reduces the effect into the direction of 
the ſhell. This is likewife proved by the practice of 
making ſky-rockets, which being choaked at the end, 
by which it confines the force of exploſion into a narrow 
ſtream, and increaſes its violence fo as to make the 
rockets riſe ſo high as they do; whereas if the opening 
was not confined, they would ſcarcely riſe at all. The 
notion that a concave chamber with a narrow neck 
ſhakes the mortar violently without increaſing the force 
of exploſion, or the range, is fo inconſiſtent with the 
laws of motion, that ic merits not the leaſt attention. 
It is the general opinion of the artillery officers, that 

a mortar or gun carries farther when it is warm by much 
firing than when cold, or in the heat of the day than . 
5 the 
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che morning. The conſtant practice by ſea and land is, 
that when the guns are much heated to diminiſh their 
charges, from the notion that they carry them much 
farther z which is a miſtake. For when guns are 
much heated, they are liable to be ſpoiled; and it is 
prudent to leſſen their charges in that caſe. For it a 
pears from my firſt four experiments made in the cool 
of the morning, that the ranges were greater than thoſe 
when the weather grew warm, The chevalier Belidor 
made ſeveral experiments for that purpoſe, which I have 
ſeen, and which are mentioned en general only in his 
Bombardier, page xxxviiiz but the particulars are as 
follows: ſeveral mortars were fired in the cool of the 
morning; the lame trials were repeated in the middle of 
the day when it was very hot, and the ranges in the 
morning were always greater than thoſe in the hat of 
the day: but as this was not ſufficiently ſatisfaQtory, the 
chamber of a mortar was heated with lighted charcoals 
as hot as could be without endangering the powder from 
taking fire; the range in this ſtate of heat was much 
ſhorter than when the mortar was quite cold. It is true 
r heat will dry the powder, and gives it a greater 
orce, if it remains a certain time in the chamber, which 
is not the caſe in briſk firing; and dried powder is better 
than when it is damp; yet the elaſticity of the air is 
much increaſed by cold, and relaxed by heat; I mean 
from the ſtate of the atmoſphere. | 
Having ſaid every thing neceſſary in reſpe& to the 
length of guns, we are now to conſider their thickneſs 
or ſtrength of their ſeveral parts, which ſhould be pro- 
portional to the efforts of fired powder ; but its abſolute 
torce cannot be determined otherwiſe than by experi- 
ments. The weight of the guns depends on the charge 
of powder, and on their length ; and though the charge 


has been leſſened from that given formerly, yet the 


thickneſs of metal remains in general the fame ; nor 
have the experiments with light guns mentioned before, 
| 63 prevailed 
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prevailed as yet in diminiſhing the weights of _ 
calibers. 

I had two braſs 12 pounders caſt for admiral Keppel, 
according to the conſtruction in page 54 z they weighed 
13 7 I : o, which ſtood the full ordnance prof, the oy 
weigh 29 : 1:0, 

had alſo ſeveral eighteen braſs pounders caſt for he 
India company; ſome of them were lately proved at 
Wookvich with fifteen pounds of powder, though the 
charge in ſervice ſhould not exceed fix pounds: they 
weigh 2400, and are 9 feet long: à 24 pounder would 
in the ſame proportion weigh 3200, and their Jength 
9 feet 8 inches. I look upon this proportion to be ſuf- 
ficiently ſtrong for braſs battering pieces, though much 
lighter than the preſent ; even a 32 pounder of that 
length would weigh only 4200, and in my opinion make 
better battering pieces ; becauſe the largeſt ſhot makes 
a breach ſooner than a ſmaller, and the ancients made 
uſe of 48 pounders for that purpoſe ; but on account of 
their unweildineſs they were reduced to 24 pounders, 
not that they were better, but more manageable, That 
theſe guns are ſufficiently ſtrong appears not only from 
their proof, nor that they weigh twice as much as thoſe 
of the light nature, but likewiſe from ſome old 32 iron 
pounders caſt in king Charles the ſccond*s time; ſome 
of them remain ſerviceable to this day, and they weighed 
4200 only. 

The firſt caſt guns were made of what is called gun 
metal, and this metal continued for a oreat while before 
caſt iron was uſed; but in time, as artillery became more 
in uſe, the number of cannon became very great, and 
to leſſen the expence iron guns were invented; but the 

opinion of their being liable to burſt when much heated 
by firing, was the cauſe of making them heavier than 
the braſs ; and as ſome did burſt in effect, either throu oh 
wrong management, or the unſkilfulnEſs of ſome 9 4 
ders, this notion has prevented the more general uſe 
that might be made of them to this day. But for what 


reaſon 
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reaſon we make them much heavier now than in king 
Charles*s time cannot be accounted for; for the preſent 
32 and 42 pounders weigh 54 and 55 or 56 hundreds; 
whereas they weighed formerly only 4200 and 5200. 
This cannot be owing to better ore, or to more ſkilful 
founders; becauſe. I have ſeen iron caſt by the Carron 
company that could not be broke by any means, but 
would flatten and tear like braſs, I had two iron three 
pounders caſt by that company for lord Egmont that 
weighed 3: 3; o each, which ſtood the full ordnance 
proof with three pounds of powder ; whereas their charge 
in ſervice '\ſhould never be more than one fourth, or at 
moſt one third of that quantity. I had ſince two fix 
and two twelve pounders caſt by the ſame company for 
the Portugueſe ſervice ; the firſt weighing 7 : 3 : o, and 
the others 15 : 2: o; and though they are not yet proved, 
I will anſwer for their ſtrength. The old 6 pounders 
weigh 17: 1: o, and the 12 pounders 32: 2 : 0. 
That iron pieces are preierable to braſs evidently ap- 
ars from the experience we had in the laſt war; for 
at Belleiſie the braſs guns were ſoon rendered uſeleſs, and 
iron ſhip guns were uſed to finiſh the ſiege. I have 


been aſſured by ſeveral artillery officers, that in all the 


ſieges we made in the laſt war, they were obliged to uſe 
iron guns, becauſe the braſs did never ſtand great firing, 
though they weigh 400 more than the iron. 

This is eaſily accounted for, becauſe gun metal is a 
compolition of copper and tin; the copper requires a 
red heat to melt, and tia only a common fire; fo that 
when the gun is heated by much firing, the tin melts, 
and the copper alone remains to ſupport the force of 
exploſion ; by which the muzzle droops, -and the vent 
widens ſometimes to that degree, as a man's fiſt may go 
1n it, To make the vent more durable they pur in a 
piece of copper to grain it, as it is called, This grain 
is fixed into the mould before the melted metal is let · in 
to make them unite together; but as copper is ſofter 
tan gun metal, inſtead of making the vent more 

| ee IF» | durable, 
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durable, as it is imagined, it rather weakens it in my 
opinion. If a ſteel grain was put in, provided it can 
be united with the metal, there is no doubt but it would 
be better than any other metal; for it has been found 
by experience, that a new vent of iron being made, it 
was ſcarcely ever ſpoiled afterwards, The French had 
a gun with an iron vent at Belleiſie, which was found 
after the ſiege to be the only one that ſtood: out the ſiege 
without being ſpoiled. To make a compolition of gun 
metal of a durable ſubſtance, the ingredients - ſhould be 
ſuch as require the ſame degree of heat to melt; but no 
ſuch metals have as yet been diſcovered. It is true, 
that ſome Saxons pretend to have that ſecret ; but as 
they have not yet made any guns of it, no dependance 


can be made on it. | 
As good iron caſt from virgin ore has all the quality 
that can be delired in gun metal, and not one burſt all 
this war that I heard of, what occaſion is there for any 
other? and there is ſuch a plenty of it every where, 
eſpecially in England, and the founders are ſo expert in 
their buſineſs at preſent, that they can make it more or 
leſs malleable, as they pleaſe ; beſides, the expence is fo 
much leſs, as 9 or 10 to one; which one would think 
ſhould be a ſufficient motive to uſe no other. Although 
the artillery officers agree, that iron battering pieces are 
preferable to braſs, yet to make field pieces of iron they 
by no means approve of, becauſe they ſay it would be 
too dangerous to ſtand by them in time of action; but 
what ſhould prevent a proper trial to be made? And if 
it does not ſucceed, the expence would be inconſider- 
able; and if it does, as I do not doubt it will, what a 
prodigious expence would be ſaved. 
I would advile to have two ſix pounders caſt of the 
ſame weight as the braſs, and proved in the ſame man- 
ner; then fire them three hundred rounds as quick as 
they can, with a pound and a quarter of powder, in the 
ſame manner as the braſs were tried; and if they ſtand 
ſuch a trial, let the officers then judge whether there can 


* 


mend proper trials to be abſolutely certain. 
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be any danger in uſing them. We are not to judge 
raſhly in a matter of ſo great importance as this, with- 
out a full and ſufficient proof. It is not the opinion of 
a few perſons we are to judge by, but by matter of fact. 
I may poſſibly be miſtaken, though I think to have 
; ſufficient proofs of what I aſſert; and therefore recom- 

As we propoſe chambers to be made in all calibers 
from an 18 pounder upwards, it will not be improper 


to ſhew here their advantage, firſt from experiments, 


and afterwards from theory. General Williamſon and 
the reſt of the artillery officers made likewiſe ſeveral 
experiments with ſhells from a bomb veſſel in the har- 
bour of Mahon in 1746. Of which I ſhall only inſert 
the range of the fifth, which was 4570 yards; the mortar 
was loaded with 35 Ih and 10 ounces, the ſhell weighed 
two hundred or 224 pounds, and the angle of elevation 
45 degrees; and the range of the ſeventeenth experi- 
ment with a ten inch mortar was 3787 yards; the ſhell 
weighed 97 1b. and the mortar loaded with 12 pounds 
of powder, Now the charge of the firſt mortar being 
about 5.6 parts of the weight of the ſhell, produced a 
greater range than the 18 pounder gun loaded with half 
the weight of the ſhot; the ſecond mortar was loaded 
with no more than an eighth part of the ſhell's weight, 
and yet its range differed but 373 yards from that of 
the gun. This great difference between the forces of 
powder, when it was confined in a chamber, and in a 
gun without a chamber, can ariſe from no other cauſe, 
than that the direction of its force is nearer to that of 
the ſhell than it is to that of the ſhot. It is true, that 
the reſiſtance of the air is leſs on the ſhell than on the 
{hot ; but, on the other hand, the bore of the mortar 
is ſo ſhort, and ſo wide in compariſon to the width of 
the chamber, that the exploſion of the powder can onl 

act upon the ſhell before it is ſenſibly moved from its 
place; inſtead of which it acts upon the ſhot till it 
Faves the gun, All this being conſidered, the advan- 


tage 


oy 
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tage of chambers in guns, as well as in mortars, will 
be found to be very conſiderable. 

We ſhall prove this likewiſe by theory hereafter i in 
cheorem the vth, 

Though we have ſhewn that the theory of we ay is 
as yet detective in many reſpects for want of a ſufficient 
number of good experiments, thoſe which have hitherto 
been made were with too ſmall quantities, as can by no 
means be depended upon; ſince the ſmalleſt error in a 
few. grains -begames very conſiderable in} the charges of 
artillery pieces; peither do we know the time of the 
degrees of inflammation. All that can be done, is to 
— that it fires all at the firſt inſtant, and proceed 

upon this ſuppoſition, though erroneous, till ſuch time 
that the law of inflammation has been diſcovered. 


Tusonv of Powpz. 


WHO (ll x 29 L 


The exploſion of Pk powder produces a 8 elaſtic 
. and forms a ſphere, * not prevented 7 am exter- 
nal obſtacle. | 


UTHORS agree, ad experience ſhews, that 
fired powder produces an elaſtic fluid; and if it 
be fired — an exhauſted receiver, the mercurial gage 
deſcends; and though it riſes again when the heat is 
abated, yet it remains always below its common ſtan- 


dard; which, plainly ſhews, that the fluid produced by 


fired powder is elaſtic and permanent. 
Again, if a ſmall quantity of powder be fired on a 
table, its flame riſes in the form of a ſemi- ſphere; and 


in whatever veſſel powder is confined, the exploſion will 


always burſt it in the yeakeſt part, if the elaſtic force 
be 
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be ſufficient. Conſequently fired powder acts on eve 


fide alike ; which could not happen, unleſs the exploſion 
was ſpherical. 


RE MAR R. 


Though authors agree, that powder produces an elaſtic 
Avid. when fired, yet they differ in the manner of it. 
Moſt of them are of opinion, that powder is only con- 
denſed air, which being heated by the exploſion, as 
well as the natural air contained between the interſtices 
of the grains, produces this elaſtic fluid. Others affirm, 
that che air contained in powder exiſts in its natural ſtate ; 
which being heated expands itſelf, and produces the 
exploſion. But this is contradicted by the above- cited 
experiment: for when the heat in the receiver is abated, 
the mercurial gage ſhould, according to this ſuppoſition, 
riſe again to the ſame height as it was before; which is 
contrary to experience. | 

Sir Iſaac Newton lays, in his Optics, Query 10, that 
if ſalt of tartar be mixed with powder, and that mixture 
be heated till it takes fire, the exploſion will be more 
violent and quick than that of powder alone; which 
can proceed from no other cauſe, than the action of the 
vapour of the powder upon the ſalt of tartar, whereby 
that ſalt is rarefied z and therefore the exploſion of pow- 
der ariſes from the violent action, whereby all the mix- 
ture being quickly and vehemently heated, is. rarefied 
and converted into fume and vapour; which vapour, by 
the violence of that action becoming ſo hot as to ſhine,- 
appears in the form of flame. Thus far Sir Iſaac Newton. 
Baut whether the elaſtic force of powder be owing to 
the expanſion of air, or to ſome other fluid produced by 
the ingredients of which it is made, is not material in 
reſpect to what follows; it being ſufficient for our pur- 
pole, that the force produced thereby acts chiefly accord- 
ing to the ſame law as all other elaſtic fluids; which it 
will be proved to do by experiments hereafter. 


THEOREM 
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The denſities of the ſame quantity of an elaſtic fluid, con- 
tained in different capacities, are as theſe capacities in- 
verſely. 
For the ſame quantity of matter being reduced to half 

the bulk, will have its parts twice'nearer each other; 

if it be reduced to one third or one fourth of the bulk, 
the parts will be three or four times cloſer to each other; 
and whatever the bulk is reduced to, the parts will 
always be cloſer to each other in the ſame proportion. 

And ſince the denſity of matter conſiſts in the cloſeneſs 

of the parts, it is evident that the denſity increaſes as 

the bulks diminiſn; conſequently, the denſities of the MR 


ſame quantity of an elaſtic fluid, contained in different 
capacities, are as thele capacities inverſely. 5 0 "Ta 


> e e 


Hence it follows, that the denſities of different quan- 
tities of the ſame elaſtic fluid, contained in the fame or 
equal capacities, are as theſe quantities. For if twice 
the quantity be contained in the ſame capacity, the den- 
fity will be double; if three or four times the quantity 
be contained in the ſame capacity, the denſity will be 
triple or quadruple ; and therefore, in general, whatever 
the ratio is between the quantities contained in the ſame 
or equal capacities, that of the denſities will always be 
che ſame. R FI! 8 7 by | 1 
% . 
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Hence the denſities of different quantities of the ſame 
elaſtic fluid, contained in different capaciries, are as the 
quantities directly, and the capacities inverſely, For 
becauſe the denſities of the ſame quantity of an _ 

#0: F luid, 
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$ fluid, contained in different capacities, are as theſe capa- 


= cities inverſely, by Theorem II. and the denſities of 
different quantities of the ſame fluid, contained in the 
ſame or equal capacities, are as theſe quantities direct! 
by Cor. I. it is evident, that if the quantities are dif- 
ferent, as well as the capacities, the denſities will be as 
the quantities directly, and the capacities inverſely. 


THEOREM III. 


The intenſity of heat produced by the exploſion of fired pows- 
1 der, will be as the denſity of the fluid, 


For the heats of the ſame quantity of powder, fired 
in different capacities, will be as theſe capacities in- 
verſely; and the heats of different quantities, fired in 
the ſame or equal capacities, are as theſe quantities di- 
rectly. Therefore the intenſity of heat produced by 
different quantities of fired powder in different capacities, 
is as the quantities directly, and the capacities inverſely z 
or as the denſities by the laſt Corollary. 


THEOREM IV. 


The elaſtic force produced by an explaſon of fired powder, is 


in the compound ratio of the denſity of the fluid, and the 
entenſuty of heat. "rf 


For the elaſtic force of condenſed air is as the force 
of compreſſion, and the force of compreſſion is -as the 
denſity z and ſince the elaſtic force is alſo increaſed by 
heat, it is manifeſt, that the elaſtic force is in the com- 
pound ratio of the denſity of the fluid, and the intenſity 
of heat, 

This may likewiſe be proved as follows : ſince every 
particle of the fluid has the ſame degree of heat, and 
che total force of the exploſion is equal to the ſum of 
the forces of all the parts; the elaſtic force of the ex- 


ploſion 
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ploſion is therefore in the compound ratio of the heat of 
one particle, and the ſum of all the particles, or, which 
is the ſame, the denſity of the fluid. Conſequently the 
elaſtic force, produced by the exploſion of fired powder, 
is in the compound ratio ot the denſity of the fluid, and 
the intenſity of hear. es 


REMARK, 


_ Mr. Robins ſuppoſes the elaſtic force, produced by the 
exploſion of fired powder, to be as the denſity of the 
fluid, which is the caſe of condenſed air void of heat; 
and therefore he ſuppoſes the increaſe of force, produced 
by heat, to be conſtant, in his propoſition z but finding 
afterwards that the force increaſed by heat, he ſays, we 
have hitherto ſuppoſed powder, when fired, to be equally 
hot with iron, at the beginning of its white heat; but 
we have obſerved, that it varies according to the quan- 
tity of powder fired together. The flame therefore may 
have all the different degrees, from that of a Janguid 
red heat, to the heat ſufficient for the vitrification of 
metals; which agrees exactly with what has been ſaid in 
the laſt Theorem. That heat increaſes greatly the elaſti- 
city of air, is known by heating an empty bottle, well 
corked, in boiling water; for it will either drive the 
cork out, or. elſe burſt the bottle. It is likewiſe well 
known, that the ſteam of boiling water produces a great 
elaſtic force, and perhaps more than fired powder; al- 
though cold water ſeems to be intirely void of elaſticity, 
ſince it cannot be compreſſed by any force we know of. 
Hence it ſeems as if cold water was in its denſeſt ſtate ; 
and it appears very probable, that the denſity of air has 
its limit, beyond which it never can be reduced. 


Cor; I. 


Since the intenſity of heat is as the denſity of the 
fluid, by Theor, III. and the elaſtic force of fired pow- 
4 | P ; . | der 
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der is in the compound ratio of the denſity of the fluid, 
and the intenſity of heat, the elaſtic force of fired pow- 
der is therefore in a duplicate ratio of the denſity; and, 
conſequently, by Cor. II. of Theor. II. the elaſtic force 
of fired powder is in the duplicate ratio of the quantity 


of powder directly, and the duplicate ratio of the capa- 
cities inverſely. | 


Co R. II. 


Hence, if the quantities of powder are in the ſame 
ratio as the capacities in which they are contained, the 
forces of exploſion will be equal. 

For ſince theſe forces are in the duplicate ratios of the 
quantities of powder directly, and the duplicate ratio 
of the capacities inverſely; the ſingle ratios being equal 
by ſuppoſition, the duplicate will likewiſe be equal. 


Co R. III. 
By a known property of fluids in general, the preſ- 


ſure againſt any ſurface is in the compound ratio of the 


impreſſing force, and the ſurface preſſed; and ſince, of 
all equal ſolids, the fphere has the leaſt ſurface, it is 
evident, that* of all capacities which contain the ſame 
quantity of powder, the ſpheric is the ſtrongeſt, or, 
which is the ſame, is the leaſt preſſed, 


e „ Þ IV. 


Hence, the forces againſt ſpheric ſhells, filled with. 
quantities of powder proportional to their capacities, 
are to each other as the ſquares of their radii; for the 
forces of exploſion being equal by Cor. II. the forces 
againſt theſe ſhells will be as the ſurfaces preſſed ; and 
they being as the ſquares of the radii, the forces im- 
' preſſed will be in the ſame ratio of the ſquares of the 
radi, Conſequently, if the thickneſs of ſhells are pro- 
MERE. | portional 
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portional to their radii, they will be equally ſtrong; 
ſince their thickneſs will be to each other as the ſquares 
of the radii, and conſequently as the impreſſing forces. 


6; 


Cor. V. 


It is alſo manifeſt, that the forces againſt the concave 
part of the cylindric ſurfaces, filled with proportionable 
quantities of powder, are as theſe ſurfaces : for the 
forces of exploſion are equal in this caſe, by Cor. II. 
and therefore the impreſſing forces are as the ſurfaces 

ſſed. Now becauſe cylindric ſurfaces are in the com- 

und ratio of their radii and their axes; if the axes 
are equal, the forces are as their radii; if the radii are 
equal, as their axes; and if they are ſimilar, as the 
ſquares of the radii or axes. 


REMARK. 


When pieces of artillery are loaded with charges pro- 
portional to the weights of their ſhots, the axes of the 
charges are proportional to their radii ; and as they are 
equally preſſed by the elaſtic force of powder, as far as 
the charge reaches, their outward ſurface ſhould be ſo 
far parallel to their inner one, and the thickneſs of the 
metal made proportional to the radii of their baſes ; or 
becauſe the diameters of the bores are proportional to 
the diameters of the ſhots, and from thence to the 
mouth, the outward figure ſhould be that deſcribed by 
the rotation of a cubic hyperbola about one of its aſſy m- 
totes, which is placed in the axis of the bore : this ap- 
pears from what has been ſaid in Cor. I, after Theor. IV. 
But becauſe of the action of the ſhot againſt the inſide 
of the piece, the thickneſs of metal muſt be ſomewhat 


more towards the muzzle than what this figure makes 
it 


= 


_ Before the foregoing Theory can be applied to any 
Particular example, it is neceſſary to find the ratio be- 
15 | tween 
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tween the preſſure of the atmoſphere and the elaſtic 
force of powder, which is very difficult, becauſe authors 
diſagree very much in their experiments on that head. 
For Mr. Robins ſays, that the air contained in powder 
is but 244 times denſer than that we breathe z and that 
its elaſticity cannot be increaſed above five times by the 
heat of the exploſion; and from thence he concludes, 
that the elaſtic force of fired powder is about 1000 times 
greater than the preſſure of the atmoſphere, The late 
Mr. Haukſbze aſſured me, that he found, by ſeveral ex- 
periments, the flame of powder to occupy about 5000 
times the ſpace of the powder unfired. Mr. Belidor ſays, 
that, by ſome experiments he made, he found that ſpace 
to be. about 4000 times increaſed, and that the ſame 
thing had been found by Mr. Amonten. Mr. Bigot de 
Merogues ſays, in page 65, that he found that ſpace to 
be from 4 to 4500 times; and laſtly, Daniel Bernoulli 
found it to be from 4 to 6000 “. 
It is certain that theſe experiments are attended with 
great difficulties, on account of the quickneſs with which 
the powder fires, and the flame diſappears. Another 
difficulty ariſes from the inequality of the preſſure of the 


*atrmoſphere, as well as from the different ſtrength of 


powder; and therefore it is impoſſible to arrive at any 
tolerable degree of exactneſs, notwithſtanding all the 
precautions that can poſſibly be taken in making the ex- 
periments :; ſo all that can be expected will be to take 
luch a number as agrees neareſt with the experiments 
made on the velocities of ſhots, which is that of Mr. 


Belidor*s, as being a mean between the greateſt and leaſt 
of thele ſeveral experiments, 


* Mr. Boyl: ſays, that the greateſt denſity of air is to the greatoſt 
ſarefaction, as unity to 520,000, | 
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THEORENM V. 


The force of. an elaſtic fuid 
againſt any part of a 
ſpheric ſurface deſcribed 
by the arc DM about the 
radius CD as an axis, 
perpendicular to the dia- 

meter A B, is Io the abſo- 
luie force, as the ſelid deſcribed by the F egment P MDC 
ierminated by the ſine PM of that arc, is io the cylinder of 
ihe Jame baſe and altitude; and the force againſt. the 


ſemi-ſphere is to the total force, as the ſemi ſphere to the 
ercumſeribea eylinaer, 


Draw. the radius C M; then, by the nature of fluids, 
the ſurface is preſſed in a direction perpendicular to every 
poiat; whence the abſolute force in the direction C M 
15 to the force impreſſed at the point M, in the direction 
PM, as CM is to CP; and as this happens in reſpect 
to every point in the are MD, the force impreſſed on 
the arc MD, will be to the abſolute force as the area 
PM DC is to the rectangle made by CP and CD : 
conſequently the force againſt the ſurface deſcribed by 
the arc MD about the axis C D, is to the abſolute force 
as the ſolid deſcribed by the ſegment PM DC in that 
rotation to the cylinder, deſcribed by the rectangle PC 
and CD; and the force againſt the ſemi-ſphere | 15 to the 
abſolute force, as the ſemi- i-ſpchre is to 1ts circumſcribed 

cylinder, 

Mr. Robins and Mr. Moregues have ſuppoled, that 
the force againſt the ſemi-ſphere was equal to that againft 
the circle AB of the baſe : but they did not conlider, 
that the directions of the forces againſt the different parts 
of the ſphere were oblique to the direction CD, in 
which the ſphere is ſuppoſed to move; and thereſore 
the total force muſt be leis than the abſolute force. 
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This Theorem agrees exactly with Sir Jaac Newton's 
prop. 35, book ii. 


Con. 1. 


Since the ſphere is the two thirds of its circumſcribed 
cylinder, it follows that the ball is acted upon by the 
two thirds of the abſolute force of the powder. 


EX AMP IL E I. 


If we ſuppoſe CP to be a third part of the radius 
CA, it will be found by geometry that the cylinder, 
whoſe radius of the baſe is CP, and altitude C D, is to 
the ſolid deſcribed by the ſpace C P M D about the axis 
CD; or the total force of the powder is to that part 
which acts upon the ſurface deſcribed by the arc MD, 


as 900 to 875: and ſince the femi-ſphere is acted upon 


by the two thirds of the total force of the powder, and 
if the quantity be the fame in both cauſes, the force of 
exploſion upon the ſphere will be to the part which acts 
upon the ſurface deſcribed by MD, as 600 to 878 
which ſhews that the force againſt the ſurface is only 25 
parts leſs than the abſolute force 900 : whereas the force 


againſt the ſemi- ſphere is but 600, the two thirds of the 
abſolute force goo. 


Ex AMS IL E II. 


If C P be one half of the radius C A, then it wilt 
be found in the fame manner as before, that the cir- 
cumſcribed cylinder is to the folid deſcribed by the ſpace 
CPMD; or the total force of the powder is to the 
part acting upon the ſurface deicribed by the arc MP, 
as GOO to 841; and the force acting upon the ſphere 
acting upon this folid, as 600 to $41. 8 


e & 2 C-e i. 
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Cons. II. 


Hence it is manifeſt that chambers, whoſe diameters 
are but one third of the diameter of the bore, are more 
advantageous than thoſe whoſe diameters are one half, 
as they are made at preſent in our mortars ; and if they 
were till leſs they would be better; which however may 
have its limits. This agrees exactly with ſeveral expe- 


riments made for that purpoſe : for Mr. Hawk/bee tried 


ſeveral times a little mortar, which had three ſhitting 
chambers of the ſame capacity, and. always found that 
the chambers which were narroweſt carried the ſhe!l 
fartheſt. 

As the firſt part of artillery was printed before the 
18 braſs pounders have been proved, and the general 
conſtruction of theſe pieces appears to be properly adapted 
to braſs guns for the land ſervice, I ſhall inſert ix here, 


in order to ſhew how much the metal might 8 dimi- 
niſhed. 


General conſtrclion of braſs tannon for the land ſervice. 


Let the length A B, fee plate I, be 21 diameters of 
its ſhot, the thickneſs of the metal at the breech and 
vent 18.5 parts, and at the mouth g; the reſt of the 
conſtruction may be the ſame as that given in page 46. 
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Weight and dimenſions of braſs guns for land ſervice. 


It muſt be obſerved; 


that we made the lengths 
of the 24, 32, and 42 


unders the ſame; be- 


ing ſufficient for batter- | 


ing pieces, and reduces 
the weight of the two 
laſt conſiderably : j 
theſe pieces are ſufficiently 
ſtrong appears from the 
old iron 32 and 42 poun- 


5 ders caſt in king Charles 


the ſecond's time, which 


veighed no more. But it 


muſt be remembered, that 
the charges of theſe pieces 
ſhould never exceed one 


becauſe that charge has bee 


that |: 


Calib.] Length. | Weight, © 
6] 6:1 |8:0: 4 
1 5 = O 12 : 2 0 
7% e 1 
3 eh | 
18 0 0 0 1 
24 9:8 8 16 | 
32 9:8 | 0 20 
42 9:8 585 5 24 


thir 


riments in all battering pieces. 


We have inſerted this table 
ol the dimenſions of iron field 
pieces, in order to ſhew how 


they may be conſtructed, 


cale it ſhould be thought 1 
proper to make trial of their 


ſtrength, Their length 


ing. of their. ſhot's weight, 
ound ſufficient by expe- 


Iron Field Pieces. 


14 diameters of the mot, the 9 


thickneſs of 
breech and vent 18 


braſs 5eld pieces. 
The 


metal at the 
parts, 

and 9 at the mouth; the reſt. 
of the conſtruction is the 
{ame as that of the light 


| proof of theſe pieces 
thouk. os made with. one half of the ſhot's 


Calib. Length. Weight. 
in 31-33-7312 4.17.0 
1 — 
n 

iS e BY WOW 3 fa 2 | 
k 

3 1 8 0 5 3 0 
4 9 0 

| | 

18 53 id Rg ol 
4 6 3 18 218 


weight of 
powde T, 
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powder, and their charge in ſervice one fourth, which * 
the ſame as thole of brals. 

If theſe pieces are caſt from good virgin ore by a 
fkilful founder, ſuch as the Carron company, and ſome 
others, without mixing any pig iron, there cannot be 
the l-aſt doubt but they will be as uſeful, and laſt longer 
than the light braſs; becauſe their vents ſcarcely ever 
ſpoil, and the pieces never bend at the neck. 

The reader may perhaps be glad to know the greateſt 
velocities that ſhot can have, and their greateſt ranges, 
which often have been ſought for by moſt artilleriſts, 
but they could never agree; for which reaſon we ſhal! 
inſert them in the following table. 


The firſt column contains Shot Velocities. | Ranges. 
the weight of the ſhot, the |—— 
ſecond the number of feet 3 | 615.7 | 2326 
moved over uniformly, In |——ſ———— 

6 
9 


a ſecond by the greateſt ve- 691.3 | 2932 
locity ; and the third the 
greateſt random ranges which 
theſe ſhots can poſſibly have, | 
let the charges be ever ſo | 12 | 775.3 | 2688 
great. | | 
This ſhews that ſmall ca- | 18 
libers can never go ſo far as — —— 
greater, and contradicts the | 24 | 866, 8 | 4610 
common practice of making — 
tmall calibers longer in pro- 32 | 912.9 | 5113 
Portion, in order to go far- = 
ther, 42 | 955.5 | 5602 
A ten..inch ſhell may go — — — 
o 3384 yards at an eleva- | 48 | 976. 4 | 5849 | 
tion. of. 45 degrees, and a 
thirteen to 7041 yards at the fame Crgree of elevation f 
which is upwards of four miles. Again, the greatclt 
velocity a leaden bullet of three quarters of an inch 
diameter can poſſibly have, is at the rate of 395 feet a 
Iecond, when uniformly continued. 
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The demonſtration of theſe velocities and ranges is 


given in the appendix. Mr. Robins thinks to prove, in 
his ſeventh problem, that the velocity of the foregoing 
leaden bullet is 1668 feet in a ſecond, which is more 


than four times greater than that above; ud what is 


velocity by experiments. 
theory upon Sir J/aac Newton's principles, had he read 


more extraordinary, he pretends to have found the ſame 
7 As he ſeems to build his 


I the 4oth propoſition, book ii. he muſt have been con- 


vinced of his miſtake; and from over-rating the velo- 


Height. Diſtance, 


Vds. Yards 


—— ———— 


Miles 


r 


OO O On þÞ UW I» tw 
\O 
\F\ 
O 


10 11800 
j 11 [12390 
| 12 [12940 
} 13 13468 
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cities, the reſiſtance of bodies moving in the air is, 
according to his computation, above twenty-four times 
too great in a 24 pounder, 


Height. Diſtance. 


Vds. Yards! Miles 
26 190480. 82 
27 194101. 03 
28 [19707;11. 23 
29 2010%é 11. 42 
30 20460111. 62 
31 0800/1 1. 82 
32 211331 z. 00 
33 21459012. 20 
34 2178012. 38 
35 [22100{12, 55 
36 22413112. 73 
37 P2722. 91 
38 22895112. 97] 
39 123329113. 20 
49 2363113. 40 
41 239193. 59 
2 24209/3. 75 
43 245001 3. 92] 
44 2478014. 08 
45 2505914. 24 
46 1253 3911.4. 40 
7 5614. 55 | 
48 2588014. 70 + 
49 26148/14. 35 
50 12641415. O0 


As 


1 INTRODUGTION: 


As the diſtance a ſhip may be ſeen at ſea is eſteemed 
uſeful, we have given them from one yard high to go, 
from the ſurface of the ſea, and the refpeCtive « diſtances 
in-yards and miles : they are deduced from the round- 
neſs of the {gas ſurface, according to the prob. in art. 411, 
of our treatiſe of mathematics : the mean diameter of the 
earth being 6543856 French toiles, according to our 
determination; which being reduced into Enghfb yards, 
gives 7. 1447018 tor its logarithm ; to which adding 
continually the logarithm of the height, gives the Ahe 
rithm of the ſquare of the diſtances in yards; and the 
diſtances in yards being divided by 1760, the number of 
yards in a mile, gives the number of miles which theſe 
diſtances contain. 

The navigator may always know the height he i is from 
the ſurface of the ſea, when he obſerves the hull of 
another ſhip, at the water edge, then he has the diſtance 
marked in the table againſt the height from which he 
obſerves ; but if any part of the ſhip he obſerves is hid 
by the ſurface of the water, he muſt give a gueſs how 
high the part hid is; then if he adds the diſtance againſt 
that height ex preſſed in yards, to that againſt the height 
he ſees, the ſame will be the true diſtance to the ſhip. 

ExamyLE. Suppoſe he obſerves a ſhip from a height 
of 15 yards, and the part of the ſhip hid is 5 yards ; 
then = diſtance 6470 againſt 5 yards, added to the 
diſtance 14468 againſt 15 yards, gives 20938 yards or 
12 miles nearly for the diſtance required. 

We have not conſidered the refraction of the air, by 
which the ſhip may be ſeen a little farther than what is 
marked ia the table. But if the ſhip is within the Qori- 
20n, and the height of the part ſeen betwcen the ſurface 
of the water . the horizontal line, then the diſtance 


anſwering to this height, ſubtracted from the firſt, gives 
1 between the two ſhips. 
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WztcnTs and Mz®ASURES; 


O proceed with order in the enſuing work; 
it is proper to mention the neceſſary weights 
and meaſures uſed in Artillery, for the better 

underſtanding the uſe and conſtruction of th 

| tables. | | | 
An inch is "the leaſt common meaſure; i2 inches 
make a foot, 3 feet a yard, a pole is 16.5 feet, a furlong 
40 yards, and a mile 1760 yards. "Theſe meaſures are 


alſo ſub-divided into 10, 100, and 1000 parts. 


Avoirdupois weight is uſed in Artillery, and in all 
heavy commodities; a drachm is the leaſt weight, 16 
of which make an ounce, 16 ounces a pound, 14 pounds 
a ſtone, 112 pounds a hundred weight, 20 hundreds a 
ton. | 

As Prench weights and meaſures are proper to be 
underſtood in Artillery, we ſhall give the propoftion 
between ours and theirs. The gentlemen of the Royal 
Society in London, in conjunction with thoſe of the Royal 
Academy of Sciences at Paris, are ſaid to have, with 

B great 


2 ARTILLERY. 


great accuracy, compared our weights and meaſures with 
thoſe of France; the reſult of which i is, 

The Engliſh foot to the French royal, as 107 to 114. 
The Engliſh pound avoirdupois to the French pound 
marc, as 63 to 68. Whence 100 French pounds make 
very near 108; and therefore their hundred-weight is to 
ours, as 108 to 112; that is, as 27 to 28, according 
to this proportion. 

The proportion of the French and Engl 1 foot is nearly 
exact; for J tried two French ſectors, the one made by 
e Maire ſeemed to be exactly divided, and J found that 
three French inches make 3.2 of ours; ſo that the French 
foot is to ours as 32 to 30, which is near 114 to 107 ; 
fince if 114 be multiplied by 15, the product will be 
1710; and 107 multiplied by 16, gives 1712; which 
exceeds the former by 2 only, 

But the proportion of the French and our weights 15 
by no means right, as will appear hereafter, when we 
give tables of mots. It is hard to judge how ſuch a 
miſtake could happen, unleſs the weights they compared 
were not thoſe uſed in the Artillery there and here. 

Before we proceed any farther, it will be neceſſary to 
premiſe ſome geometrical propoſitions, which ought to 


be known, in order to underſtand ſeveral parts of this 
work. 


I. The diameter of the circle is to its circumference, 
as 113 is to 355 nearly. 

II. The ſquare of the diameter is to the area of the 
circle, as 452 to 335. 

III. The cube of the diameter is to the ſolid content 
of a ſphere, as 678 to 333. 

IV. The cubes of the axes are to the ſolid contents 
of equialtitude cylinders, as 452 to 355. 

V. The ſolid content of a. tphere is to the circum- 


ſcribed cylinder, as 2 to 3. Theſe propoſitions 
are demonſtrated in the Ninth Section of my 
Elements of Mathematics, 
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The following table contains the weight of a cubic 
foot, expreſſed in ounces, of the ſeveral ſubſtances ſpe- 
cified, which I have for the moſt part taken from Mr. 
Cotes's hydroſtatic lectures. Thoſe of gun metal have 
been computed from their mixture, and the caſt iron 
from the 9 pound ball, whoſe diameter is four inches, 
exceedingly near, according to Sir Jonas Moor. 


Specific gravities of bodies. 
Copper — 9000 Steel — — 59645 


Tin — — 7320 Marble — — 2700 
Gun metal — 8784 Dry oak — 925 
Caſt brals — 8000 Dry aſh — 800 
Lead — — 11325 Dry maple — 755 
Iron — — 7643 Dry em — 600 
Caſt iron — 7425 Dry ir — — 550 
Shells — — 4892 Powder —— 880 


For his father weighing ſeveral iron balls with a 
curious ſcale, found one nearly round, whoſe diameter 
was 6.63 inches, and weighed 41 pounds; from thence 
the diameter of a 9 pound ball is found to be 3.9995 
inches, which being ſo very near 4 inches, by taking it 
as ſuch, no ſenſible error can happen in computation. 
Having the weight of a cubic foot of theſe bodies, 
that of any parts may be found by proportion; and on 
the contrary, the weight of any part of a body being 
given, its ſpecific gravity, or the weight of a cubic foor, 
may be found. Thus a cubic foot, or 1728 cubic inches 
of gun meta}, weigh 8784 ounces, or 549 en : then 
dividing 1728 by 9, we get 192 cubic inches; and 
dividing 549 by 9, we get 61 pounds, Hence 192 
cubic inches of, gun metal weigh 61 pounds. 

Again: 1728 cubic inches of caſt iron weighing 7424 
ounces, or 464 pounds and an ounce, Which we ſhall 
neglect; then 1728 divided by 16, gives 108, and 464 
divided by 116, gives 29, Hence 108 cubic inches of 

B 2 caſt 
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caſt iron weigh 29 pounds. Theſe two examples will 
be uſeful hereafter in finding the weight of guns. 

A ſhell, whoſe diameter is 124, weighs 192 pounds 
when loaded, as will be ſhewn; and 355 is to 678, as 
the content or weight 192, 1s to the content or weight 
of the cube 366.69 made by its diameter : but the cube 
2072.67 of 123, is to the cube 1728 of 12, as the 
weight 366.69 is to the weight 4892 of a cubic foot, or 
the ſpecific gravity of ſhells. 

Again : a cylinder of powder, whoſe axis and dia- 
meter are each 3.42 inches, contains one pound, or 16 
Ounces, as will be ſhewn hereafter; and 355 is to 452, 
as the weight 16 ounces of the cylinder is to the weight 
20.372 ounces of the cube made by its axis: but the 
cube 40 of 3.42 is to the cube 1728 of 12, as the 
weight 20.372 is to the weight 880 ounces of a cubic 
foot, or the ſpecific gravity of ordnance powder. 


EXAMPLE I. 


To find the diameter of an iron ball, whoſe weight is 
given, ſuppoſing that of a 9 pound is 4 inches. Say, 
the cube root, 2.08, of 9 pounds is to 4 inches, as the 
cube root of the given weight is to the diameter ſought; 
or if 4 be divided by 2.08, the cube root of 9, the 
quotient 1.923 will be the diameter of a one pound ball; 
which being continually multiplied by the cube root ot 
the given weight, gives the diameter required, 

This may be done in a ſhorter manner by making 
uſe of logarithms ; for if the logarithm . 2839793 of 
1.923 be conſtantly added to the third part of the loga- 
rithm of the weight, the ſum will be the logarithm of 
the diameter, Suppole a ball to weigh 24 pounds, add 
the given logarithm .28 39792, to the third part. 4600704 
of the logarithm 1.3802 112 of 24, the ſum .7440494 


will be the logarithm of the diameter of a ball weighing 


24 pounds, which therefore is 5.5468 inches, 
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If the weight be expreſſed by a fraction, the rule is 
fill the ſame; for inſtance; the diameter of a pound 
and a half ball, or of 2, is found, by adding the loga- 


. rithm .2839792, found above, to. 0586971, one third 
of the logarithm of +3; the ſum . 3426764, will be the 


logarithm of the diameter required, which therefore is 
2.2013 inches. 
The diameter of an ounce ball is found, by ſubtract- 


5 ing .4013733, one third of the logarithm of 16, from 
the logarithm . 2839793, of one pound; at this loga- 


rithm is leſs than the other, an unit muſt be added to 
it; then the difference .882606, will be the logarithm 


| 7 of the ball's diameter, which weighs an ounce, This 


logarithm being continually added to the third part of 
the logarithm of the weight, expreſſed in ounces, and 
an unit being taken from the ſum, the remainder will 
be the logarithm of the diameter : thus, let the ball 
weigh eight ounces, add .3010300, the third part of 
the logarichm of 8, to the logarithm .882606 of one 
ounce ; the ſum .18363, after having ſubtracted unity, 
will be that of the diameter, which is 1.526 inches. 

+ As the diameter of the bore, or the caliber of the 
piece, 1s made one twentieth part larger than that of the 
ſhot, according to the preſent practice, we have com- 
puted the following 
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ARTILLERY. j 
The numbers in the firſt horizontal line are un, 


and thoſe in the firſt vertical column the tens: the other 


numbers under the one, and oppoſite to the others, are 


J the reſpective diameters of ſhot and calibers. Thus to 


fiad the diameter of the ſhot, and the caliber of a 24. 


5 ; pounder, look for the number 2 at the ſide, and for 


4 at top; then the number 5.547 under 4, and oppoſite 
to 2, will be the diameter of the ſhot in inches and 


; decimals, and the number 5.824, under the firſt, the 


caliber of the 24 pounder. Again, to find the diameter 
of the ſhot, and the caliber of a 36 pounder ; look for 
3 at the ſide, and 6 at the top, then the number 6. 3 50, 
under 6, and oppoſite to 3, will be the diameter of the 
ſhot, and the number 6.666 under it, the caliber of the 
36 pounder, In the fame manner may be found the 
diameter of the ſhot and the caliber of any gun, under 
a 60 pounder : thoſe above 45 are not uſed, 
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ARTILLERY. 9 
This table is conſtructed upon the ſuppoſition that 


the diameter of a four pound ball is three French inches, 
* according to their authors; and from thence, the dif- 
ference between the logarithm of three inches, and one 
© third of the logarithm of four pounds, gives the lo- 
= garithm .2764347 of the diameter of a one pound ball, 
which being continually added to one third of the num- 
ber of pounds of the ball, the ſum will be the loga- 
Z rithm of the diameter of that ball in inches and decimals. 
The windage of the French guns is but one twenty- 
© ſeventh part of the ball's diameter; which, therefore, 
being added to the diameter, gives that of the caliber. 
Mr. Saint Remy gives a table of theſe diameters in page 
136, vol. i. new edit. in inches and duodecimals, with- 
out mentioning how it was conſtructed. In page 82, he 
= ſays, that Butterfield has computed it, and that it is 
very exact. Butterfield was an Enghſh mathematical- 
inſtrument- maker eſtabliſhed at Paris. a 


This table agrees nearly with that given by Saint 


| Reny, p. 136, as appears from the following numbers, 


where lines and points are reduced into decimals of an 


The firſt column contains the | 1b, 

weights of the ſhot, the ſecond | 24—5:444-—5.451 
their diameters in inches and de- | 36—6.229—6.237 
cimals according to Saint Remy, | 39—6.417—6.409 
and in the third the ſame diameters | 41—06.518—6.517 
according to our tables. Hence, | 46—-6.776—6.771 
our diameters are greater as far as a thirty-fix pound 
ſhot, and leſs above it. Therefore the French table has 
not been conſtructed from the rule that the weights of 
ſhots are as the cubes of their diameters, unleſs ſome 
errors have been committed in their computations. 

The following table has been computed upon the ſup- 
poſition, that the French foot is to the Engliſh as 114. is 
to 107, as we have ſhewn in page 2; and from thence, 
the logarithm of the diameter of a French pound is 
3039338, expreſſed in Englifh inches and decimals. 
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As to the reſt of the diameters the 


ſame manner as before. 
Diameters of the ſhots and bores of French 
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This table ſerves to compare the French calibers to 
ours: for example, the diameter 5.808 of a 24 pound 

6 ball is ſomething more than 5,769, that of our 27. That 

h 6.393, of their 32, nearly equal to 6.408, that of our 

37. That 6.648 of their 36, nearly equal to 6.684 of 
our 42. 

The diameter of a French q pound ſhot is 4.188 inches 
of our meaſure, and its cube 73.433; and as the dia- 

meter of our 9 pounder is 4 inches, and its cube 64 

therefore the French weight is to ours as 73.433 is to 64, 
or as 70 to 61 nearly : which differs greatly from the 
ratio mentioned before, Therefore 100 French pounds 

make 1144 pounds, and not 108, as the former pro- 

5 Ortion gives. 

The proof that this ratio is the neareſt that can be 
given by two figures, we ſhall ſuppoſe, with Sir Jonas 
Moor, that the diameter of a 9 pound iron ſhot is 2.9995 
inches; then as 114 is to 107, as 3.9995 is to 3.7593 

French inches, whoſe cube is 52.899, and 50 is to 61 
nas q to 75.8428 pounds French weight, Therefore the 
cube 52.899 is to the cube 27 of 3, as the weight 
7.8428 is to the weight 4.0004 pounds of the ſhor, 
whoſe diameter is 3 French inches, which agrees nearly 
with the ſuppoſition of the French: but if the ratio 68 

to 63 be ſuppoted, a 9 pounder Egliſb weighs 8.3382; 
then by proportion the weight of a ſhot, whoſe dia- 
meter is 3 French inches, will be 4.2558 pounds, or 
above a quarter more than 4 pounds; which is certainly 
more than it is poſſible not to perceive. 
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Whence the diameter of any bullet is found, by di- 
viding 1.6706 inches by the cube root of the number, 
which fſhews how many of them make a pound; or this 
may be done in a ſhorter manner. From the logarithm 
2228786 of 1.6706 ſubtract continually the third part 


| of the logarithm of the number of bullets in the pound, 


and the difference will be the logarithm of the diameter 


£1 required, 


Thus the diameter of a bullet, whereof 12 weigh a 
pound, will be found by ſubtracting .3597270, a third 
part of the logarithm of 12, from the given logarithm 
.2228756, or, when this logarithm is leſs than the for- 
mer, an unit muſt be added, ſo as to have 1.2228756, 
and the difference .8631486 will be the logarithm of 
the diameter ſought ; which is .7297 inches; oblerving 
that the number found will always be a decimal, when 
the logarithm which is to be ſubtracted is greater than 
that of one pound ; becauſe the diviſor is greater than 
the dividend in this caſe, 

From the ſpecific gravity of lead, the diameter of any 
bullet may be found from its given weight. For ſince 
A cubic foot weighs 11325 ounces by our table, and 678 
is to 355 as the cube 1728 of a foot, or 12 inches, is 


7 the content of the ſphere, which therefore is 5929.7 


ounces ; and ſince ſpheres are as the cubes of their dia- 
meters, the weight 5929.7 is to 16 ounces, or one 
pound, as the cube 1728 is to the cube of the diameter 
of a ſphere which weighs a pound ; which cube there- 
fore is 4.66263, and its root 1.6706 inches, the dia- 
meter ſought. 

Sir Jonas Moor makes this diameter 1.69 inches: 
though he was very curious in his experiments, yet as 
the ſpecific gravities have likewiſe been determined by 
Cotes and ſeveral eminent men, it would be a preſump- 
tion in me to determine which of the two diamerers is 
the moſt accurate; for which reafon we ſhall give two 
tables, one of each of theſe ſuppoſitions, leaving the 
choice to the impartial reader, 

Diameters 
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Diameters of leaden bullets from x to 39 inthe pound, ac: 
cording to the author. 
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Diameters of leaden bullets from 1 to 3 9 in the pound, ac- | 


cording Sir Jonas Moor, 
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300.5 4400.5 370.5 3200.52 70.521 
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The diameter of the muſket bores differ not above one 
fiftieth part from that of the bullet; for if the ſhot but 
juſt rolls into the barrel it is ſufficient, The govern- 
ment allows 11 bullets in the pound, for the proof of 
muſkets, and 14 in the pound, or 29 in two pounds, 
for ſervice : 17 for the proof of carabins, and 20 for 
ſervice; and 28 in the pound for the proof of piſtols, 
and 34 for ſervice, | 

As powder meaſures are uſeful in artillery, eng 
more handy than weights, ſaving time, and are neceſ- 
fary in ricochet firing, we ſhall inſert here ſome expe- 
riments I made upon that ſubje& in 1753, at the royal 
academy of artillery, | 
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I. A cylinder, whoſe axis and diameter were two 
inches each, contained 3 ounces and 3 grains, or 31 
grains; and as ſimilar cylinders are as the cubes of their 


axisz if we fay 51 grains are to 256 grains, or one 
pound, as the cube 8 of 2 inches is to the cube 40.156 


of the diameter of a like cylinder holding one pound. 


II. A cylinder, whole axis and diameter were 4 inches 
each, held 25 ounces and 10.5 grains, or 410.5 grains; 
whence 410.5 grains are to 256 grains, as the cube 64. 
of 4 inches is to 39.912, the cube of the axis of a cy- 


linder holding one pound. 


III. A cylinder, whoſe diameter and axis were 6 


inches each, held 5 pounds 6 ounces and 6 grains, or 
1382 grains. Hence 1382 : 256 : : 216: 40.01 fer 


the cube required. 
IV. A two-inch cube held 4 ounces and 1 grain, or 


; : 65 grains; and as 452 is to 355, fo is the cube 8 of 


the axis to the content of the cylinder, which therefore 
is 51.05, Hence 65: 256::8:40: 117, the cube of 


the axis. 


V. A ſix- inch cube held 6 pounds 13 ounces and 13 
grains, or 1757 grains; ſo then 432: 355:: 1757: 
1379.944, or 1380, the content of the cylinder; and if 
1380: 250 :: 216: 40.07, this fourth term will be the 
cube of the axis required. Hence a medium of theſe 
ve experiments gives 40.053 cubic inches, whoſe cube 
root 3.42 will be the diameter of a cylinder holding a 
pound of powder. 

From hence we may deduce the ſpecific gravity of 
powder, which is no more than the content of a cubic 
foot expreſſed in ounces. Now fince 255 is to 452, as 
the content 16 ounces of the cylinder is to 20.372, the 
content of the cube of its axis, and the cube 40 of the 
axis is to the cube 1728 of 12 inches, or a foot, as 
20.372 ounces to 880 ounces contained in a cubic foq; 


of powder, | 
Sir Jonas Moor found by ſeveral experiments the di- 
ameter of a cylinder holding a pound of poder to be 


3-165 inches. , | Dia- 


* 16 ARTILLERY. 1 
k 4 | Diameters and heights of cylindric powder meaſures from 1 
* 190 39 ounces, according to the author. = 
my 4 | — — —— — 3 1 
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The logarithm of an ounce is . 1326467; the other 


numbers are found, by adding one third of the logarithm © 
of the number of ounces, Thus the number of & ounces © 
is found by adding .3010300, one third of the logarithm 
of 8 to that of one ounce, which gives .4336767 for © 
the logarithm of the number ſought ; which therefore is 
2.714. | 
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1 Diameters and heights of cylindric powder meaſures from 1 
8 to 39 pounds, according to the author, 
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| Diameters of cylindric powder meaſures, when the diametcr 


is to the axis as 2 to 3, according to the author, 
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Theſe diameters are found, if thoſe of the former 


7 n tables be divided by 1. 1447, the cube root of +. 


As I look upon theſe experiments to have been made 


& with great accuracy, this difference can proceed from no 
other cauſe, than that the grain of the powder was 


ſomething finer in his time than at preſent. The chang- 


ing the ſize of the grains, is attended with many in- 


conveniencies without the leaſt advantage; for the 
powder meaſures made at one rime are either Jarger or 


& leſs than what they ſhould be at another, whereby great 
& miſtakes are made in loading of pieces. Sometimes“ 


more, and other times leſs powder is uſed than intended; 


and to change them continually, is attended with ex- 
** C 


pences, 
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pences, and cannot always be done abroad, where they 
have no conveniency to do it: ſuch miſtakes were made 
at Minorca ſome years ago, where the powder meaſure 
held 35 pounds inſtead of go; and at the end of the 
ſeaſon, the officer could not account for the ſpendiog 
ſo much more powder than he intended, till he found 
the miſtake by examining the meaſure. 

When the grains are made as large as we do at pre- 
ſent, it happens that ſome of them are much fmaller 
than others, and the ſmall take fire ſooner than the reſt, 
by which the force of ſome is partly expended before 
hh reſt is fired, and conſequently the total force is not ſo 
great as it would be, if the grains were nearly of the 
tame ſize. 

It has been imagined by ſome, that the large grained 
powder is ſtronger than the ſmall : but Captain Deſa- 
guliers made ſome experiments with grained and mealed 
powder ; both which carried the ſhot the ſame diftance. 
It may be preſumed, that powder was not grained at its 
firſt diſcovery, but in courle of time experience ſhewed, 
that it kept longer in grains than otherwiſe; for which 


reaſon this cuſtom is followed by all nations, and is 
undoubtedly the beſt, 


Diameters 4 heights of cylindric powder meaſures, bolding 
from 1 ounce 10 19, according to. Sir Jonas Moor, 


4. 13:44 415 44 $67: ($4 9 
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Theſe diameters are in inches and decimals. 
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3 1 Diameters and heights of cylindric powder meaſures, holding 


from 1 to 19 pounds, 


4 $4441 8 | 9 


2 | I 

o 3.165 5.0245. 4125.75 16.05 45.3306. 583 
| | n 
890039 7.245 1417630 7.80517.97518.1 3808.29 8.391 
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This laſt table is conſtructed in this manner; multiply 


2 continually the cube 31.705, of 3.165, by the number 


expreſſing the weight of powder, and the product will 
be the cube of the diameter and axis of the cylinder 


7 f ſought, Or thus, add continually . 3003737, the loga- 


rithm of 3.165, to the third part of the logarithm of 


the number ſhewing the weight, then the ſum will be 
the logarithm of the diameter required, 


Thus one third ,2006866, of the logarithm of 4, 


3 being added to the logarithm . 5003737, gives .70106033 
for the logarithm of the diameter of a cylinder, holding 
1 pounds of powder, which is 5.024. inches. 


The diameter of a cylinder, holding an ounce of 
powder, is found by ſubtracting one third of . 40137333 


the logarithm of 16, from the logarithm . 5003737, then 
the difference .0990004, will be the logarithm of the 
diameter required; which being continually added to 
one third of the logarithm of the given number of 


ounces, gives the logarithm of the diameter ſought. 
As powder meaſures are more convenient, when their 


axis is longer than their diameters, we ſhall give the 


* 
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Diamelers of cylindric powder meaſures, when the diameter 


ts to the height, as 2 lo 3, according to Sir Jonas Moor, 
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3.20418. 
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Theſe two laſt tables are conſtructed, by multiplying 
continually the diameter in the two former tables, by 
the cube root. 8 73 of 3, then the product will give the 
diameters of cylinders, holding the ſame quantity of 
powder, or elle by adding —. 0386971, the logarithm 
of .873, or the third part of that of 4, to the logarithm 
5003737, found above; then the ſum .4416766, being 
continually added to one third of the Jogarithm of the 
number expreſſing the weight, the ſum will be the loga- 
rithm of the diameter ſought. 

For example, to find the meaſure that ſhall hold 28 
pounds : the logarithm of 28 is 1.4471580, one third 
of which being added to the given logarithm .4416766, 
gives. 9240626, for the logarithm of the diameter re- 
quired, which therefore is 8.396 inches. ; 

This rule is proved from the known property in geo- 
metry, that equal ſolids have their baſes and altitudes 
reciprocally proportional, Hence, if à expreſſes the 


diameter of the baſe or altitude, and x the diameter of 
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the baſe of the cylinder required; then becauſe the dia- 
meter x of the baſe is to its altitude as 2 to 3 by ſup- 
poſition, the altitude will be Z *; and hence, a3 = 3 x3, 
by the condition of the problem, or 5 43 = x3; the 


cube root of which is a3y/ 4 == 


In the ſame manner may be found the diameter of a 
cylinder, which is to its altitude in any other given ratio, 
ſuch as 1 to 2, Or as 3 to g. 

As it is neceſſary that an artillery officer ſhould know 
how to compute the number of ſhot contained in a ſquare 
or oblong pile, finiſhed or unfiniſhed, we ſhall give here 


a method for finding the number of ſhot more general 


than that in our Elements of Mathematics, page 98, 
deduced from a moſt compendious principle. 


INVESTIGATION of a general rule for finding the ſums 


of ſeries's, 


If z expreſſes the number of terms of a ſeries, whoſe 
ſum can be expreſſed by the product of factors that are 
in an arithmetical progreſſion ; to find the z or general 
term of that ſeries. | 

N. B. The general term of a ſeries is fuch an ex- 

preſſion compoſed of a variable z and conſtant 
quantities, that when z is made equal to o, 1, 2, 
3, or 1, 2, 3, 4, it gives the firſt, ſecond, third, 
fourth term of that ſcries. 

Tr is evident, that by diminiſhing the value of z by 
the common difference x of the factors, the ſum will be 
diminiſhed by the laſt term, and the difference between 
theſe two ſums will be the 2 or general term required. 

Thus if z. 2 ＋ n. z+2n. 2+ 3, be the ſum of 
any ſeries, by writing 2 — u for 2, we get 2 — n. 2. 
z2Z+#. 2+ 2: which ſubſtracted from the fiiſt, gives 
44.2, 38 - A. Z ＋ 2 u, for the general term required, , 

N. B. The points between the factors ſignify multi- 

plication, | 
O 3 Ceneral 
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General Rl E. 


From the ſum of a ſeries, to find its general term; 
multiply the ſum ty the number of factors and the common 
| difference, and ſirike out the laſt factor. 

N. B. Whether the ſum is multiplied by a conſtant 

number, or the factors decreaſe or increaſe, the rule 
1s the ſame. 

Thus the ſum az gives a for a general term; z. z+1 
gives 2 23 the ſum z. 2 — 1. 2 — 2 gives 3 3. 2 — 1, 
and z. 2 ＋ n. à ＋ 2 u. 2 ＋ 3 n, gives 4 u. z. 2 ＋ n, 
2 ＋ 27. 


General Ru x. 


From the general term of a ſeries to find the ſum of 
any number z of terms. 


Increaſe the factors by one more factor, and divide by the 
number of factors thus increaſed, and by the common dif- 
ference. 

Thus the general 5 a gives az for the ſum, a 2 
gives T 4 2. xz 41; . 2 ＋ 1. 2 2, 
and 2.2 — n. 2 — 2 , gives 75 z. & — n. — 2 —2 *. 
2 — 3 u. 


Obſerve, when the firſt value of 2 is o, the factors 
muſt be of a decreaſing progreſſion ; but if it is any 
number of an increaſing progreſſion, as examples will 


ſhew, 
E x AM P-L E | 


Let the ſeries be any arithmetical progreſſion as a, 
42 ＋E u, a+ 2, a + 3n, Sc. whoſe general term is 
a ＋E Zu, when the values of z are ©, 1, 2, 3, and the 


ſum @ 2» ＋ 4/4. 2— z — 1. of z terms. If 1,2, 3, 4 


then a n =I, and J 2. 2 1, the ſum of z terms. 
If 3, 7, 9, 11, then a=5, u=2, and e 
or Na + 4 the ſum of 3 terms, 
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EXAMPLE II. 
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Let the ſeries be the ſquares of an arithmetical pro- 
3 greſſion, as a 4, @ + a, a 5-2 Na, Sc. whoſe general 
= . r e A 
term is a z or aa+2nz+ Au x, and o, 1, 2, 
3, the values of 2 hence the ſum of the two firſt terms 
is a 4 2 N z. 2 — 1, and ſince 3 2 2 * ＋ 2. 2 — 1, 
whoſe ſum is 1 2. Z— 153 2. 2 — 1. 2 — 2, or 2. 
2 — 1. 22 — I, When reduced under the ſame deno- 
= mination. 
Therefore aaz nz. 2— IZ. 2— 1. 22—1, is the 
Sum of z terms of that ſeries, 
S Thus if the ſeries is the ſquares of the natural num- 
bers 1, 2, 3, 4, then an =I, and z. 2— 1-32 2— 
1.22 —1, or 2 z 1. 22 1, when reduced under the 


ſame denomination. 

If the ſeries is 1, 9, 25, 49, that is the ſqurres of 
6 the numbers x, 3, 5, 7, 9, then is a=1, #=2, and 
2722. 2— 1442 2 — 1.22 — 1, or 32.2241.22—1, the 
"XX ſum when reduced. If z=10, then will 1330 be the 
—X ſem of the 10 firſt terms. | 


; 2 Ex AMPLE III. 

Ik 4b, a+1.b+1, a+2.3+2, be the ſeries, which is 
that of the horizontal range of a rectangular pile of ſhot, 

= whoſe general term is à Tz. 2, or ab+a+b.zxzz, 

and o, 1 2, 3, 4, the values of z; the ſum is therefore 

aba T4 . 12.2 — 1 ＋C＋z2.2— 1. 22—1, by examp. II. 


This ſeries may be reduced to A. 24 f - 1x20 E | 
+32+1.2—1.x by 22, For 24+z—1, multiplied by | 
2b ＋2—1, gives 4ab E24 +2b.2—1+2—1.2—1, and i 
Z—1.2—1 added to 42+1.2—1, and the whole divided | 
by 4 gives the firſt ſum, 
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General Rulx for an incomplete pile. 


To twice the length and breadth of the upper ſurface, add 1 | N 


the corner row leſs one. 


To the product of theſe two numbers add one third of the 9 


produtt, the corner raw leſs one by the corner row more one, 


and multiply the ſum by one fourth of the corner row. 


Thus, if the ſides of the upper ſurface are 20 by 4, 4 5 


and the corner row 6; 


Then the ſum of 40 and 3, multiplied by the ſum of 9 


8 and 5, gives — _ — 383 
One third of 7 multiplied by 3, gives — — 113 


Then the ſum 5963 of theſe two products, multiplied 1 
by 6 and divided by 4, gives 895 for the number of 


Mot contained in that pile. 


CAS E I, 


When the pile is complete then 5 =:, and the ſum | 
A. becomes 3a 22 i by Zz. 2 ＋ 1. Which gives this : 


General R u L E for à complete pile. 


leſs one. 


Multiply the ſum by the product of the corner row, by 
be corner TOW more one, and divide the product by 6. 


If the upper row be 20, and the corner one 12 z then 
3 times 20, added to 23, gives — — 8 

Multiply 83 by 12, this product by 13, and divide 
dy 6, which gives 2158 for the number of ſhot re- 
quired, 


CAE II. 


When both @ and b become unity, the ſum A be- 
Comes 73-3 1. 28 +1, which gives this 


General 


To three times the upper row add twice the corner row | 
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General Ru L E for a complete ſquare pile. 


Multiply the corner row by that row more one, multiply 
this product by twice the corner row more one, and divide 


If the corner row be go, then 3 50.51 . 101, or 
25.17 . 101, gives 42925 ſor the number of ſhot re- 
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N. B. By dividing before the multiplication is per- 
formed, as we have done, and which is always 
poſſible, the operation becomes ſhorter, 


Cas I. 


When b=a+1, the ſeries becomes aa , a+-1,a+2, 


and if each of theſe terms be divided by 2, it will be 
that of a triangular pile, and becauſe g I, the ſum 


A divided by 2, gives 24 - 2A ITA ＋1. 2 


— 1 by z. 
2 


+ General RuLE for triangular incomplete piles. 


To twice the fide of the upper row, add the corner row 
leſs one, and the corner row more one. 

To the produtt of theſe two numbers, add one third of the 
product, the corner row leſs one by the corner row mere one, 
and multiply the ſum by one eighth of the corner row. 


If the fide of the upper row be 26, and the corner 
20; then twice 26 added to 19, gives 71; twice 26 
added to 21, gives —— — 7; 
And 71 multiplied by 73, gives — — 5183 
One third of 21 multiplied by 19 133 


The ſum 5316, multiplied by 20, and divided by . 
gives 13290, for the number of ſhot contained in the 


pile. : 
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CASE IV. 


When a is unity, the ſum in the laſt caſe becomes 1 


z. 2 ＋ 1. 2 P, which gives this 


General Ru LE for a complete triangular pile. 


Multiply the baſe by the baſe one more, this product by the 


baſe more two, and divide by 6. 


If the baſe be 40, then 40 by 41, by 42, and the 


product divided by 6, gives 11480 for the number of 


ſnot contained in this pile. 
Theſe are all the different rules that can be given up- 


on that ſubject, and to ſave the reader the trouble of 


computation, we ſhall inſert here four large tables con- 
taining the number of ſhot in 2912 complete piles. The 
firſr column of theſe tables contains the number of the 
corner rows, and the upper horizontal line the number 
of the upper ranges. The number of ſhot in a pile is 
againſt the number of the corner row, and under that 


of its upper range. The laſt column contains the num- 


ber of ſhot in a | triangular pile, oppoſite to the number 
of its corner row in the firſt column. 


. 
Conſtrudtion of GUNS. 


H A T has been ſaid. in the Introduction, with | 


regard to the proper length, of pieces, and the 
properties of different chambers in mortars, will enable 
us to form ſome general conſtructions of pieces, de- 
ducted from experiments and theory, and therefore leſs 
liable to exceprions, than thole hitherto given by others, 
which 
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which ſeem to have no other foundation, than the par- 


| : ticular fancy of the contriver, and generally a bare imi- 


tation of others. Before we proceed any farther, it is 


E neceſſary to give the names of the ſeveral parts of which 


pieces are compoſed, in order that what 1s ſaid may be 


3 . clear! * underſtood. 


Names of the ſeveral parts of a gun, 
Plate I. Fig. I. 


The length of the gun. 
The firſt reinforce. 


= 8 
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9 Y 


7 ODER 


W 
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8 * < 
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The ſecond reinforce. 
The chace. 

The muzzle. 

The caſcable. 

The breech. 

The vent field. 

The chace girdle. 

The baſe ring and ogee. 
The vent aſtragal and fillets. 

The firſt reinforce ring and ogee. 
The ſecond reinforce ring and ogee. 
The chace aſtragal and filler. 

The muzzle aſtragal and fillets. 
The muzzle mouldings. 

The ſwelling of the muzzle, 


a8 a 


The breech mouldings. 


The vacant cylinder, wherein the powder and ball are 


1 lodged, is called the Bore, and the entrance of the bore, 
the Mouth of the Gun, 


The cylindric parts T, by 


which the gun is fixed upon its carriage, are called 
Trunnions; and the handles on braſs pieces, are called 
Dolphins, from the fiſh whoſe form they repreſent. 
The diameter of the bore is called the Caliber of the 
Piece. Laſtly, the difference between the diameters of 
"2 9 ſhot and the bore, is called the Windage of the 
Jon. oo. 


REMARKS 
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The length of a gun is always reckoned from the 
| hind part of the baſe ring, or beginning of the caſ- 
cable, to the extremity of the muzzle. The ſecond re- 
inforce begins at the ſame circle where the firſt ends; 
and the chace at the ſame circle where the ſecond rein- 
force ends. 

The firſt reinforce includes the baſe ring, ogee next 
to it, the vent ficld, vent aſtragal, and firſt reinforce 
ring; the ſecond reinforce, the ogee next to the firſt 
reinforce ring, and the ſecond reinforce ring ; and the 
chace, the ogee, next to the ſecond reinforce ring, the 
chace girdle and aſtragal, the muzzle and aſtragal. The 
trunnions and dolphins are always placed on the ſecond 
reinforce ; the firſt, ſo as the breech part may weigh 
ſomething more than the muzzle part, to prevent the 
piece from kicking up behind when it is fired; which it 
will always do ſo long as the center line is placed below 
that of the piece, as has been the cuſtom ever ſince 
their invention. On the contrary, the dolphins are ſo 
placed, that when the gun is ſuſpended thereby, the 
breech and muzzle parts may equally poiſe. 

The artilleriſts here differ in the names of ſeveral 
parts; not one of them can tell preciſely how far the 
muzzle reaches, nor the caſcable; for ſome call the 
ſwelling the muzzle, others the breech mouldings, the 
caſcable, and ſay, that the button 1s a ſeparate part by 
itſelf, and not included in the caſcable. 


As no one has hitherto attempted to write upon Ar- 


tiliery in Engliſh, and to fix the names, it is no wonder 
that the practitioners differ, ſince they have no guide to 
go by. The only thing we could do, was to fix the 
names of the parts in the moſt convenient manner 
ro their conſtruction, and to prevent confuſion. We 
have called the part from the beginning of the muzzle 
aſtragab to the mouth, the Muzzle ; becauſe that aſtragal 
derivins its name from the muzzle, it ſeems * 

that 
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chat the muzzle ſhould reach ſo far. As to the caſcable, 
it cannot properly be determined otherwiſe than we have 
done; fince it is commonly ſaid, that a piece is of fuch 
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a length, excluſive of the caſcable; it agrees likewiſe 
wich what general Armſtrong lays in his Conſtruction, as 
well as the diſtinction made by the founders and prac- 
titioners. | 

Formerly pieces were diſtinguiſhed by the names of 
Sakers, Culverins, Cannon, and Demi-cannon ; but at 


E preſent their names are taken from the weight of their 


ſhot; as for example, a 12 or 24 pounder, carries a 
ball of 12 or 24 pounds weight. | 

As moſt conſtructions of authors agree in general, 
and differ only in ſome ' particulars, we ſhall give that 
of general Armſtrong's, formerly ſurveyor-general of the 
ordnance, which appears to me leſs deficient than any 
that have hitherto been given, which are 


General Ru l E for braſs and iron guns. 


The length of the gun being divided into 7 equal 
parts; the length of the firſt reinforce AE, is two of 
theſe parts; the ſecond E F, one, and a diameter of the 
bore ; fo that the chace F B is four of theſe parts, 
wanting a diameter of the bore. 

The diſtance from the hind part of the baſe ring, to 
the beginning of the bore, that is, the breech A C, is 
always equal to the thickneſs of the metal ar the vent. 
The trunnions T, are always a caliber in length, and 
as much in diameter, clear of the ſecond reinforce ring, 
and placed in ſuch a manner, that a right line drawn 
through their centers touches the lower part of the bore, 
as in the fourth figure, where that line is marked a. b, 
and paſſing through the third diviſion; that is to be three 
levenths trom the hind part of the baſe ring. The 
length of the caſcable A h, is always two calibers and a 
quarter, 


Theſe 
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Theſe diviſions are in general made by all nations, 


only the trunnions are placed half a caliber more back- 
ward by the French *. 


General dimenſions of braſs guns. 


The caliber of the gun is divided into 16 
equal parts, | 
The thickneſs of metal at the baſe ring from 
the bore, is 
At the end of the firſt reinforce ring, 
At the ſame place, for the beginning of the ſe- 
cond reinforce, — 13.3 
At the end of the ſecond reinforce, — — 12.5 
At the ſame place for the beginning of the 
chace, 
At the end of the chace or muzzle, the mould- 
ings excluded, 


— — 8. 
 MovuvLDinGs, 


baſe ring, — — — 1.5 inches, 
Breadth of the ogee, next to the baſe 


ring, — — 2. 
From the ogee to the fore part of the 
aſtragal, a caliber. 
The fillets of the aſtragal, are each — . 28 
The aftragal, or half-round — — 6 
Total of the aſtragal and fillets, — — 1.12 
At the firſt and fecond reinforce ring, 


the fillets are _ _ — 25 
Breadth of the firſt and ſecond rein- 
force rings — — — 1.25 


The ogees next to theſe rings, — — 1.5 
The fillets at the muzzle, — — 25 


This figure does not anſwer to the following conſtructions, but it 


is ſufficient to ſhew the reader how to proceed, according to the given 
dimenſions. | 


The 
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The muzzle ogee, in a 12 pounder and upwards, is 
1.25 inches; but in a 9 pounder and under, it is an 
inch only. The chace girdle and aſtragal is one ca- 
liber. The ſpace from the mouth of the gun to the 
| © muzzle aſtragal, in an 18 pounder and upwards, is equal 
to a diameter of the ſecond reinforce ring; but in a 12 
pounder and under, it is equal to the diameter of the 
© ficſt reinforce ring. 
=* The riſing of the mouldings at the firſt and ſecond 
=T reinforces, is an eighth of an inch; and the riſing of 

the baſe ring is determined by laying a ruler to the ex- 


tremities of the firſt and ſecond reinforce mouldings. 


The ſwelling of the metal at the muzzle is always equal 
co the diameter of the ſecond reinforce ring. 


Cate A481 1. 


= From the hind part of the baſe ring, to the fore part 
of the fillet next to the bottom, + of a caliber. 

= From the fore part of the fillet next to the button, 
to the centre of the button, one caliber. 

From the hind part of the baſe ring, to the hind part 
of the filler, between the two * ogees, L of a caliber. 
Diameter of the fillet next to the button, 1.5 ca- 
lber. 

Diameter of the neck, à of a caliber. 

Diameter of the button, ſomething more than a ca- 
== liber, it is ſix inches in a 24 pounder. 

It muſt be obſerved, that the ſhell at the vent is 3 


inches broad, and reaches from the baſe ring, to within 
EZ quarter of an inch of the vent aſtragal, leaving that 


; 5 ſpace for the eaſe of turning, and the vent is a fifth part 
of an inch. | 


© * The reader muſt obſerve, that general Armiroig made two 
+ Ogees, though there is but one marked here. 


General 


32 AR TILL E R V. 


General dimenſions for iron guns. 


The caliber of the gun is here divided into 14 equa} 
arts, . 

The thickneſs of metal at the vent from E 
the bore, 18 16 parts. > I 

At the end of the firſt reinforce — — 14.5 

At the beginning of the ſecond reinforce, 13.5 

At the end of the ſecond reinforce, 12.5 

At the beginning of the chace, I1.5 

At the end of the chace or muzzle, —-— 8. 

As to the mouldings, and the reſt of the dimenſions, 
they are much the ſame as before, only the diameter of 
the vent is here one fourth of an inch, without any rea- 
ſon given for it, 

The lengths of the guns, according to this gentle. 
man, were as follows ; the 32 pounder braſs, 10 feet; 
the 24 and 18 pounders, 9.5 feet; the 12 pounder, 9; 
the ſix, 8; the three, 7; and the 1.5 pounder, 6 feet. 

The iron 32 pounder, 9.5 feet; the 24 and 18 
pounders, 9; the 12, eight; the 9, ſeven; the 6, 
ſix and half; and the 3, four and halt feet. 

Some of theſe dimenſions have been altered ſince for 
others, grounded upon no better reaſon than the for- 
mer. 

The reader may eaſily perceive the perplexity of theſe 
conſtructions, ariſing from the different ſcales that are 
uſed without the leaſt neceſſity. That the greateſt part 
of the mouldings ſhould have the ſame dimenſions, from 
a 3 pounder to one of 32, appears contrary to reaſon, 
and eſpecially contrary to the rules of architecture; 
from whence they have been taken, To make as many 
mouldings in iron guns, which are rough and not turned, 
as in braſs ones, is another blunder ; but thele are trifles 
in regard to the abſurdities in general committed in theſe 
conſtructions; which cannot better be diſcovered, than 
by examining all the parts ſeparately, each in their 
order. 


Length 
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Length of guns. 


If the continual changing the length of pieces be 


J 6 conſidered, it will appear evident, that practice alone is 


inſufficient to determine that which is the beſt ; and if 


che experiments hitherto publiſhed on that account are 
examined with ſome attention, it will be found, that for 
E want of proceeding from proper principles, the reſult of 
chem is erroneous and inconcluſive. 


For the greateſt part of them were made to diſcover 


ſuch a length as ſhould carry the ſhot fartheſt, without 
= mentioning what the charge ſhould be; believing that 


the greater the velocity of the ſhot 1s, the more its exe- 


cution would be : but it has been found on the contrary 
by experience, that a vclocity which is ſufficient to carry 
the ſhot juſt through a wall, does more execution than 
one that is greater, Others, ſuch as Mr. Dumetz, and 
the late general Armſtrong, endeavoured to find the beſt 
length of a piece, when loaded with two thirds of the 
ſhot's weight; and to attain which, Mr. Dumetz made 
SE uſe of different calibers, which had all the ſame length, 

vx. 10 feet, and he found that the 24 pounder carried 
its ſhot fartheſt. 


Now, what can be concluded from theſe experi- 
ments? Nothing more, as I conceive, than that 10 


feet is a better length for a 24 pounder, loaded with that 
charge, than for any ſmaller caliber ; but it does not de- 


termine, that this length is ſuch, as to carry the ſhot 


S fartheſt of any other; for we are not certain, whether 


one of 8 or 9 feet long would not be better than this, 


ſince no trial has been made to ſhew that it would nor. 
=X Beſides, we are as much at a loſs as ever, to know what 
are the beſt lengths for {mailer or greater calibers. 


From the experiments made by general Armſtrong it 
was concluded, that 9.5 feet was the beſt length for a“ 


24 pounder, though that of 9 feet produced the greateſt 


ran Se. 
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As theſe pieces were all of the ſame weight, it is plain 
that ſome of them were too ſtrong in proportion to 
their length; and if they had been reduced to-a proper 
ſize, their ranges might probably have changed : bur 
ſuppoſe this is in reality the beſt length for a 24 pounder, 
we are neverthelefs in the dark with reſpect to the other 
calibers. So that the moſt that can be made of theſe 
experiments, is, that the length of the 24 pounder has 
been determined nearly, with regard to the charge ma = 
ule of. 

But it has been found ſince by experiments, that } 
pounds of powder are ſufficient for a 24 poundet, wi 1 
it is to make a breach; for the French uſed no more |! 
the two laſt wars in all their ſieges. This being e 
caſe, all former experiments are exploded, and coije- 
quently others ought to be made, in order to determine 
the beſt length for that charge. 

But are we certain that this charge is the beſt that can 
be uſed? I think by no means; for we have found, 
that one fourth of the weight of the ſhot is ſufficient for 
field- pieces, and even a lefs one. And we are not cer- 
tain, that the ſame charge might not do in battering 
pieces, or on board of ſhips; ſo that new trials ſhould 
be made firſt, to know the beſt charge before the lengths 
of the pieces can be determined. 

The. making fmall calibers longer in proportion than 
great ones, is attended with many inconveniences and of 
no advantage, ſo far as I can judge, ſince there is no 
neceſſity for their carrying as far as the heavy ones, 
which I ſuppoſe was the reaſon the artiſts went upon; 
but this fuppoſition is erroneous ; becauſe there is but 


one certain length that is better than any other, greater 


or Jeſs, as we ſhall ſhew; and therefore they may a3 
well be too long as too ſhort, 


Another inconveniency. attends this practice, which 
1s, that ſome of theſe pieces weigh above twice more 
than they ought to do, according to the moſt heavy 
conſtruction, whereby their carriage from place to place 

5 becomes 
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becomes more troubleſome, and the expence at leaſt one 
third more. 

Laſtly, when the lengths of pieces are not propor- 


tioned to the diametcrs of their ſnot, the experiments 
made with one caliber will not be of any uſe to any 


other, nor the dimenſions uſed ; and therefore as many 
experiments muſt be made as there are different cali- 
bers, as well as ſo many different conſtructions, in order 


to make them equally good and ſtrong ; and I may add, 
that this practice is the principal reaſon that ſo little 


improvement has been made in the conſtruction of 


pieces, and that ſo much confuſion is met with in them; 


whereas, if they are all the ſame number of diameters 
long, one general conſtruction will be ſufficient for all 


| thoſe made of the lame metal; and when the dimen- 


*X ſions of any one piece have been determined by expe- 


© riwents, it will ſerve for them all; the pieces will be 

=X limilar, and their weights in the ſame proportion to that 
of their ſhot. Finally, the conſtruction of all kind of 
pieces will be ſo ſhort and eaſy, as that they may be 
# comprehended in a few leaves, as will be ſeen hereafter. 
Since then neither practice, nor any theory hitherto 
& publiſhed, no more than the experiments made in Eng- 
land or France, have as yet furniſhed us with any ſatisfac- 


= tory rule to proceed by, and yet Artillery cannot be 


improved without it; we ſhall endeavour to ſhew here, 
both from theory and ſome unexceptionable experiments, 
that there is a certain length of a gun better than any 
= other longer or ſhorter, whereby it will carry its ſhot 
the farthelt poſſible. For general Williamſon of the 
Artillery made many experiments at Minorca, which are 
related in the introduction ; whereby it appears that an 
eighteen pounder, which weighed 3900, and length 9g 
fleet, carried farther than another eighteen pounder that 

weighed 5100, and was 11 feet long, when equally load- 


e, and with the ſame angle of elevation; it was found 
2 likewiſe, that nine pounds of powder was the beſt charge, 


and carried the ſhot farther than any other. From 
: D 2 whence 


Fo ARTILLERY. 


whence it appears, that the greateſt length of this caliber 


ought” not to exceed 9 feet; but whether it might not 
be leſs has not yer been tried. 

Now as 9 feet is 21 diameter of the ſhot nearly, and 
it is very probable that all calibers, proportionably long 
and charged, will produce ſimilar effects, we may draw 
this concluſion, that the length of pieces which carry their 
ſhot fartheſt does not exceed 21 diameter of its bot; and 
2 their beſt charges are equal to half the weight of thci; 

01. 

This will receive no ſmall degree of certainty from 
what we have proved in the appendix to this work, 
page 122, where we have ſhewn, that the greateſt velo- 
cities which cannon ſhot of different calibers can have, 
are always proportional to their diameters z and as their 
lengths ought to be in proportion to their charges, and 
they are proportional to the diameters of their ſhot, the 


length mult therefore likewiſe be proportional to the 


diameters of their ſhot. 


We have likewiſe proved in the fame page, that the 
greateſt velocities of projected bodies have certain limits Þ 
which they cannot exceed, let the force that acts upon 
them be what it will; which confirms that part of the 


experiments with reſpect to the beſt charge. 


Now ſince the greateſt velocities of projected bodies 
are proportional to their diameters, the largeſt caliber 
will therefore carry their ſhot fartheſt. Conſequenthy, 
the queſtton of finding the length of a piece, ſo as to 

produce the greateſt range, depends on its caliber, is 
length, and on its berge which we have here dete- 


Rb rh 


As theſe experiments are the beſt and only ones that BY 
ever were made on Artillery, as far as 1 have ſeen o 
know, and agree exactly with the theory we have given 
in the appendix, ſo we may affirm this theory to be th 
belt and only one grounded upon true and unexceptional ll 
principles, and that all others hitherto . = 
1t10Ul ße 
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without foundation; and therefore all the concluſions 
drawn from them erroneous, _ 

Though it may be convenient on ſome particular 
occaſion to have guns which carry their ſhot as far as 
poſſible, yet in common practice this rule is not to be 
followed; for on board of ſhips theſe long and heavy 
guns would not anfwer ſo well as ſhorter and lighter, 
becauſe ſhort guns are eaſter loaded, require leſs room 
for the recoil, and are more expeditious in action; and 
ſince ſhips come ſo near together in action as they do at 
preſent, the long ranges are intirely uſeleſs: beſides, the 
charge of half the weight of the ſhot is too much, and 
ought never to be uſed, one third at molt is quite ſut- 
ficient, and perhaps leſs, does more execution, and heat 
the guns leſs: all theſe advantages ought not to be 
neglected. 

The length of battering pieces ought to be ſuch, as 


to enter into the embraſures ſo far, as that the blaſt of 


exploſion does not deſtroy them in a day's firing; in 
that caſe they may be repaired again at night, becauſe 
it is impoſſible to prevent the effect of the blaſt intirely : 
tor which reaſon all calibers, not exceeding a 24 poun- 
der, may be 21 diameters long, but thoſe above cannot 
be ſo long without inconveniencies ; but the charges 
ſhould never exceed one third of the ſhot's weight, be- 
cauſe it has been found by experience that this charge 
is ſufficient, and perhaps leſs would be better. | 

It muſt be obſerved, that guns ſhould never be loaded 
with more powder thaa is juſt ſufficient to produce the 
deſired effect, which a ſkilful commander can or may 
always diſcover in practice ; by which the guns will not 
be heated more than is neceſſary, and they may be fired 
longer without receiving much damage. 

What has been faid in reſpect to battering pieces may 
be applied to garriſon ones; only the beſt charges may 
be given them on particular occaſions, as at the begin” 
ning of an attack to oblige the enemy to begin his ap- 
proaches as far as poſſible, or in a place ſituated near 
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the ſea or a navigable river, to prevent ſhips from 
coming too near. 


The field pieces ſhould have the beſt length and 
charges, in order to annoy the enemy at the greateſſ 
diſtance, excepting the battalion guns, which ſhould be 
ſhort and light, that they may advance as well as retire 
as quick as the army, From whence follows this 


| General Ru LE, 


That the length of guns ought to be determined from their 
pariicular uſes. 


Thickneſs of Mx TAL. 


It is an univerſal cuſtom in Europe to maxe the guns 


with reinforces ; that 1s, they are, as it were, made of 


three fruſtrums of cones joined together, ſo as the leaſt 
baſe of the former is always greater than the greateſt of 
the ſucceeding one, whereby the metal breaks off in two 
places on a ſudden, as the reader has ſeen 1n the con- 
ſtruction of pieces given here before. But ſince powder 
acts uniformly and not by ſtarts, it is hard to judge from 
whence this ridiculous cuſtom has ariſen, which ſeems to 
be as old as the invention of guns; and nothing but 
the ignorance of the effects of powder has been the 
cauſe of its being handed down to our time. Our vene- 
ration for old cuſtoms is ſo great, that whoever at- 
tempts to make any change is looked upon with con— 
tempt, let his reaſons be ever ſo plain and good; this 
I know too well by experience. 

Yer I ſhall freely communicate whatever I think to 
be an improvement and uſeful to the public; let the con- 
ſequence be what it will, I ſhall do my duty. Since 
then powder acts gradually and not by ſtarts, there 
ſhould be no breakings off in the. metal ; and we have 
ſhewa in the remark after Theor. IV. that the piece 
ſhould be ey lindric, from the baſe ring to the end of 
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the charge, and from thence, by the nature of the ex- 
ploſion, a curve line bending inwards quite to the mouth 
of the piece : but as the conſtruction of the curve is 
not very eaſy, and differs in the main but very little from 
a right line, by making the part between the end of the 
charge and the mouth conical, it will be ſufficiently 
exact for practice. 

When pieces were loaded with two thirds of their 
ſhots weight, the thickneſs of metal was then at the 
vent equal to the diameter of the ſhot; but ſince there 
is no occaſion to load pieces with more than half that 
weight, the thickneſs of metal ought to be leſs ; for 
which reaſon the preſent light 6 pounders are only the 
two thirds of the diameter of the ſhot thick, and their 
length 15 diameters ; the fame thicknels is given to the 
24 pounders, and their length is but 12 diameters ; and 
as this thickneſs has been found ſufficient by many trials, 
when the charge and length remain the ſame, there is 
no reaſon to make them ſtronger, 

The ſtrength given to iron guns 1s certainly more 
than required, ſuppoſing the charge no more than one 


Third of the ſhot's weight; this has been found true by 


ſome, whole thickneſs at the vent was equal to the 


diameter of the ſhot, and half that thiekncls at the 
mouth. 


VENTI. 


The common method of placing the vent is within 
about a quarter of an inch from the bottom of the chamber 
or bore : yet it is imagined, that if the vent was to come 
out at the middle of the charge, the powder would be 
inflamed in leis time than in any other caſe, But not- 
withſtanding that this appears ſo viſible, and ſeems to 
be demonſtrable, yer I have found the contrary, to the 
great ſurprize of the ſpectators. I had two mortars, 
the chamber of one cylindric, the diameter of the baſe 
one inch, and the axis two; the chamber of the other 
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concave; each of theſe chambers had two vents, one at 
'the bottom, and the other in the middle, and contrived 
in ſuch a manner, that one could be ſcrewed up, whillt 
the other ſerved to fire; and I found always the rang: 
of the ſhell greater, when the lower vent was uſed, than 
when the powder was fired by the middle one. The 
ſame thing was tried by colonel Deſaguliers and me, 
with different cylindric chambers, ſome of , which were 
three or four times the diameter of the baſe in length. 
This being fact, it remains now to know, whether 
the ſame would do in mortars of a larger ſize, or in 
guns; for I muſt own, that after theſe trials, and ſome 
others of a ſtill more extraordinary nature, which have 
been mentioned in the introduction, I can ſcarcely be- 
lieve any thing relating to the effect of gunpowder, bur 


what has been found true by a ſufficient number of cx- 
periments, 


BoRE, 


The windage, or difference between the diameters of 
the ſhot and the bore, is not the ſame in England as 


abroad. Suppoſe the diameter of a ſhot divided into 


20 equal parts, then the diameter of the bore is 21 cf 
theſe parts; the French ſuppoſe the diameter of the ſhot 
divided into 26 parts, and the diameter of the bore to 
be 27; what the proportion is in Helland and other 
parts of Germany I do not know; but it is evident, that 
the leſs windage there is, the truer the ſhot will go; 
and having leſs room to bounce from one fide to another, 
the gun will not be ſpoiled ſo ſoon; for which reaſon 
I ſuppoſe, in the following conſtructions, the diameter 
of the ſhot to be divided inco 24 equal parts, and make 
the bore 25, which is a medium between the Engliſh and 


French method, This we do not ſo much in order to 


differ from others, as on account of the convenient ſcale 


it affords, to conſtruct not only guns thereby, but allo 
their carriages, as will be ſeen hereafter, 


The 
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The French make little chambers in their 16 and 24 
ounders, ot one third of a caliber long, and as much 
in diameter; by this means they ſay the metal becomes 
thicker at the vent, and prevents its ſpoiling fo ſoon. 
But as chambers are much more advantageous in other 
reſpects, we ſhall conſtruct ſome hereafter, ſo as to have 
all the advantages that can be had. 

Some are for making the bottoms of the bore wks, 
others ſpherical z and laſtly, ſome quite flat; but I can 
find no reaſon to prefer one way before another, ex- 
cepting the conveniency there may be in adapting the 
cartridges in a more : eaſy manner to their form. 


TRUNNIONVS. 


The method of placing the trunnions ſo that their 
axis touches the lower ſurface of the bore, as is practiſed 
all over Europe, is fo abſurd, that it is amazing no 
author or artiſt has thought proper to change it; the 
only reaſon 1 ever heard given for this practice, was, 
that by this means they were ſtronger fixed to the gun, 
ang of coniequence would not break off ſo ſoon as in 
any other place. As infignificant as this reaſon is, it 
ſerves however to defend that old eſtabliſhed cuſtom. 


| 1 
B iD A 

But to ſhew the abſurdity of it; ſuppoſe AB to re- 
preſent the center line of the bore, and CD the diſtance 
of the center line of the trunnions from that of the bore. 
Now becaule when the piece is fired, the exploſion acts 
againſt the breech B, and makes the piece recoil, but 
being fixed to the carriage by the trunnions, endeavours_ 
to turn about the point D, whereby it preſſes alſo upon 


the coins under the breech B, wherg ny by their elaſti- 
city 
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city repel it upwards, and its weight brings it down 
again. 'The piece therefore acquires a pendulous motion 
about the center D, which cauſes the coins to fly off, 
changes its direction, and ſhakes the carriage with great 
violence, and often breaks it to pi-ces, 

In long pieces this effect is not ſa ſenſible as in ſhort 
ones ; and though carriages generally break in their cen- 
ters, yet the cauſe has never been attributed to the wrong 
ſituation of the trunnions; not even after the many 
accidents of that kind which have happened lately : for 
a ſhort and light 24 pounder was tried at J/ecolwwich, to 
know whether they might not be as uſeful in action as 
the light 6 pounders; but every time it was fired, 
it broke its carriage to pieces. From theſe accidents, 
and its recoiling more than the heavy pieces, they were 
rejected as uſeleſs, without thinking in the leaſt that 
both inconveniencies might eaſily be remedied. 

The piece Rood upon a platiorm of ſtone quite level, 
which is not, nor ever has been, practiſed on any occa- 
ſion whatever; for in the field they ere placed upon the 
rough ground without any platform; and as the recoil 
is never ſo great in ſuch a ſituation, as upon a level ſtone 
platform, this objection is to no purpoſe : and that this 
is fact beyond diſpute, appears from the trials made at 
the ſame time with light 6 pounders, which recoiled 
likewiſe in an extraordinary manner, notwithſtanding 
they are found in real ſervice not to do fo. 

In a fiege, when batteries are erected, the platforms 
are made of wooden planks, raiſed behind, more or 
leſs, according as it is neceſſary, to prevent the pieces 
from recoiling farther than is convenient to reload them. 
And ſince. this may be done at pleaſure, without the 
leaſt inconvenience, the rejecting them on that account 
is frivolous and abſurd. 

To prevent theſe pieces from breaking their carriages 
is eaſy, if we dare break through old cuſtoms, by 
making the axis of the trunnions to paſs through the 
center line of the bore, as may be {cen in our conſtruc- 

tions 
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tions hereafter. The pretence of their breaking off 
from the piece is taken away, by making ſhoulders ro 
& chem; beſides, this objection is only imaginary, ſince 
it has never been tried. 


1 What we have ſaid upon this head is likewiſe con- 
„med by practice in howitzes, which, being fixed to 
n. cheir carriages in the ſame manner as guns, are properly 
„othing elſe than ſhort guns with chambers ; for their 


* trunnions are placed in the manner we propoſe, and, 


Iv 

„hen fired, acquire no other motion than a backward 
= one, without ſhaking in the leaſt the carriage, nor, did 
.: their trunnions ever ſuffer. 


5 ; / 
MovuLrpDinGs. 


| As they are made by way of ornament only, they 

depend chiefly on the maker's fancy; it muſt however 
be obſerved, that they ſhould be plain and ſimple, and 

© ſuch as are uſed in architecture, from whence they have 

been borrowed ; the metal ſhould be projected as little 

Jas can be, that the piece may lie cloſe on the carriage: 

the mouldings of our mortars are oddly jumbled toge- 

ther, without any order or judgment; and thoſe of our 

iron guns are more numerous than is conſiſtent with 

& reaſon, for they have fillets on both ſides the firſt and 

E ſecond reinforce rings, which are not uſed in braſs 

pieces; and as theſe mouldings are not turned in iron, 

they appear ridiculous, and more ſo in ſwivel guns, 
which have as many as thoſe of the largeſt caliber. 


Mozz LE. 


The ſwelling of the metal at the muzzle ſeems to 


have been made merely to make the pieces look grace- 
ful, or perhaps to appear of a larger caliber to an enemy 
at a diſtance than they really are. When they are too 
heavy, the piece is liable to bend at the neck when 
heated with much firing, which makes it either break 
% or 
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or bend, and ſo become uſeleſs. Some are of opinion, 
that the metal ſhould be as high at the muzzle as at the 
baſe ring, that the viſual ray over the metal may be 
parallel to the center line of the bore, which they ima- 
gine to be neceſſary for laying or pointing the piece in 
a proper manner; but thoſe who are for this practice are 
very little acquainted with real ſervice : for as the ſhot 
deſcends in its flight by the force of gravity, the piece 
muſt be laid higher than the object to be hit; ſo that 
when the metal is equally high before and behind, the 
obſect is hid intirely by the thickneſs of the metal, and 
conlequently the piece can never be laid true; whereas 
if the height of the metal be leſs at the muzzle than at 
the breech, the elevation of the piece, when pointed 
at the object, will anſwer the deſcent of the ſhot at a 
certain diſtance, and the ſkill of the gunner will be ſuf— 
ficient to make a proper allowance when the object is 
either farther or nearer. 


CASCABLE. 


They are made of various figures; ſometimes like n 
bunch of grapes, or as the heads of different kinds of 
animals : the French diſtinguiſh their calibers by the 
different forms of the caſcables; but as this is expenſive 
when they are well carved, and Jooks paltry when not 


well done, the manner of making them quite plain, 


with a button and a few breech mouldings, as we do 
here, ſeems in my opinion much neater, and is leſs ex- 
penſive. It is true, that the diſtinguiſhing the different 
calibers is very proper; but this may be done in another 
manner, more agreeable to the ſight, and cheaper, 


Line of Direction. 


Formerly pieces were made with a cavity upon the 
baſe ring, and a button upon the higheſt part of the 


muzzle, whereby they were directed in the ſame manner 
as 
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= Bf fowling-pieces are ; but how this line came to be left 
og in latter times I cannot tell; for to find the center 
inne of a piece every time it is to be fired with a plum- 
met or an inſtrument, as is the cuſtom, is very tedious, 
uncertain, and unmaſterly : for as 1t 1s impoſſible to 
turn the outſide of a piece true to the bore, conſidering 
the bluntneſs of the tools and the heavineſs of the engine, 
the center line can never be found to any tolerable de- 
oree of exactneſs, by an inſtrument applied on the out- 
ſide of a piece; and when the ſhot does not hit the 
mark, the gunner 1s at a loſs to know, whether it 1s 
owing to his want of ſkill, or to this line not being 
rightly marked ; whereby it is impoſſible he ſhould be 
able to form a right judgment how to direct the piece, 
bh But when the line of direction is marked on the piece 
in the aforeſaid manner, and the ſhot does not hit the 
mark, he knows how to rectify the miſtake, becauſe the 
line remains always the ſame, whether it. be marked 
right or not, which I have ſeen many times, Ir is ſaid, 
that the platforms are never rightly level, and if one 
wheel of the carriage ſtands higher than the other, the 
line, of direction becomes uſeleſs ; but I can find no 
reaſon for not laying the planks level when the platform 


is made, ſince I always have ſeen a level uſed ; and this 


may even be done ſufficiently exact by the eye with- 
out a level, ſince a ſmall trifle, either on one ſide or 
other, cannot cauſe any great error in the laying of the 


piece; and in a field engagement, where no batteries are 


made, it is of no ſignification, whether the piece points 
a little to the right or left, provided it is not too high or 
too low. 


E e e e 


The choice of calibers depends on two conſiderations, 


viz. they ſhould never be leſs than thoſe of other na” 


tions; becauſe in an engagement by land or ſea, the 
larger ſhot have always the advantage; and their dia- 


meters 
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meters ſhould have a ſenſible difference to diſtinguiſh | 
their ſhot with eaſe; otherwiſe it may happen in an en- 
gagement, when men are generally in ſome confuſion, 
that the one will be raken for the other, as has hep. 
pened to my knowledge, whereby the piece becomes 
unſerviceable, till the ſhot ſticking in it, has been blown | 


out again; which ſometimes cannot be done without 
rendering the piece unſerviceable. 
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As the conſtruction of pieces, as well as that of their ? 


carriages, ought to depend on the diameter of their 
ſhot, methinks they ſhould be expreſſed by wh6le num- 


bers as much as can be, or at leaſt by ſome eaſy frac. 


tions, Thus they ſhould be expreſſed by 3; 3.33 4; 
4.53 53 $5.5; 6 inches; which anſwer nearly to a 
4, 6, 9, 13, 18, 24, and 31 pounders. And as the 
diameter of a 9 pound ball is 4-inches, and may ſerve 
in a manner as a ſtandard to make the reſt by, I am 
ſorry to ſee that this caliber has been rejected lately in 
braſs cannon. 

This is what we thought neceſſary to premiſe before 
we enter upon the conſtruction of pieces, to ſatisfy the 
reader, that they are the reſult of a well aſſerted theory, 
and of ſuch reaſons as ought to be well conſidered be- 
forchand ; but whether they will ſatisfy artiſts prejudiced 
in favour of the moſt abſurd, old eſtabliſhed cuſtoms, is 
what time will ſhew: the ſubject is of ſo great an im- 
portance to the nation, that it deſerves to be well exa- 
mined beforehand, and proper experiments made be- 
fore any change is Introduced ; for which reaſon I ſub- 


mit. theſe my endeavours to ſerve the public to the 
judgment of my ſuperiors. 


General ConsTRucT1ON for braſs battering pieces. 


Plate I. Fig. 1 


Let the length A B, 0 the piece, be 18 diameters of 
the ſhot; divide that diameter in 24 equal parts for a 
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Cale, whereby all the reſt of the dimenſions are deter- 
mwined. Make the diameter of the bore equal to 25 of 
theſe parts; from the hind part A of the baſe ring, to 


= the fore part D of the vent aſtragal ſet off 40 parts; 

make the thickneſs of metal taken from the bore at A 

and D, equal to 18 parts, that is, three quarters of the 
© ſhor's diameter, and 9 parts, or half that thickneſs at 


the mouth; then the lines drawn through theſe points 
will determine the figure of the gun, ' which therefore is 


= cylindric from A to D, and conical from thence to the 
mouth. 


The center line of the trunnions croſſes the center line 


Jof the bore at right angles, and at a diſtance of three 


ſevenths of the total length A B of the gun, from the 


| hind part A of the breech ; their diameter is 18 parts, 


as well as their length, free from the projection of the 


| ſecond reinforce ring; the ſecond reinforce E F, is al- 


ways two thirds of the firſt A E; the breech A C is 16 


parts, the chace girdle FI, 14; the muzzle H B, the 
tenth part of the total length of the gun, which is here 
=X 43 parts, and the diameter of the ſwelling, m, of the 
= muzle is 6 parts diſtant. from the mouth. 


The breadth of the baſe ring and ogee next to it are 


each 6 parts; the firſt and ſecond reintorce rings, and 
the ogees next to them, 5, the aſtragals and fillets 43 
the cavetto at the mouth 2.5, and the fillers one each. 


The baſe ring projects the metal by two parts, the 


flirſt and ſecond reintorce rings by one, or rather leſs ; 
the fillets of the altragals by one half, and the round 
paart is deſcribed from a center placed in the outline of 
BZ the piece, There is a circular ſhoulder about the trun- 
nions, whoſe diameter exceeds that of the trunnions by 
6 parts, and projects even with the ſecond reinforce 
ring. . 


Cas 


the ogee 5, and the fillets one cach. From the center 
C of the button, draw lines to the extremity of the baſe Mi 
ring E, F, in which find the center O, fo as the arc. de- 
ſcribed meets the arc of the button in the line C F, and 
touches the ſecond filler: theſe arcs will determine the 
neck ; the line O p, drawn through the center O, par- 
allel to C A, will determine the ſecond fillet, and C F, 
the firſt. 

To deſcribe the ogee, joia the extremities n, q, of the 
fillets ; through the point q, draw the line r p, parallel 
to On, produced; in theſe two lines find the centers 


5 48 ARILTUI LL E Rx. ö 
CASCABIL E. Fig. 2. = 
1 The diſtance from the hind part A, of the baſe ring, 
b to the center C, of the button, is 27 parts, the radius 5 
: of the button 9, the breadth af the quarter round 2, i 
, 1 0 
. 
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4 „ fo as the arcs deſcribed through the points n q, meet 
4 in the middle of the line n q : the arc which determines 
| the quarter round, is deſcribed from a center r, in 
1 p. q: produced ſo as to meet the extremity F, of the 
baſe ring within one part. The ſhell is 6 parts broad, 
4 and the diameter of the vent a fatth part of an inch. 

4 

} MuzzLE. Fig. 3. 


Take the line BK, equal to twenty parts, and erect 
the perpendicular IK, after having made L P, equal 
to 6 parts, the center I, is to be found ſo as the arc de- 


whole diameter ſhould be two thirds the diameter of th: 
bore, E 


1 ſcribed, through the point K, ſhall meer the point L; 

| and if through the point a, at 4 parts diſtant from HB, 
is the line a r, be drawn perpendicular to LP, the center 

; r, is to be found fo as the arc deſcribed through the | 
j point L, may meet the extremity of the filler a, The 5 
| cavetto is no more than a ccncave quarter round. A 
i | It has been found by experiments, that when pieces Y 
| have chambers, they require a leſs charge than they Wn 
[ would do otherwiſe; for which reaſon I would make a 
[ chamber in all Pieces of 24 pound ball and upwaris, WW 
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ore, and length equal to that diameter, ſuch as is re- 
oreſented in the firſt figure. Although this chamber 
contains but one ninth part of the ſhot's weight of 
pouder, yet the effect it produces is nearly equal to that 
Jof a fourth part; which is ſufficient in large pieces. 

Whatever faults there may be found with the par- 
ticulars of this and the following conſtructions, it can— 
Snot, however, be denied but this is the true method 
| © whereby artillery pieces ſhould be made; for ſince ar- 
chitecture has its certain rules whereby to conſtruct the 

ſeveral parts of a column from its diameter, there is no 
reaſon why the parts of a piece ſhould not be determined 
in the ſame manner, 
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To find the weight of metal. 


The ſquare of 43, the diameter of the 


W muzzle without mouldings, 1349 
The ſquare of 61, the diameter at the vent 
gu, — — — 378 
= The rectangle, or main plan of theſe dia- 
meters, 43 and 61 — — —— 2623 


— —— 


The ſum of theſe three products added, — 8193 
Which multiplied by one third of 392, the 
length D B, — 
S The ſquare of the diameter PE multiplied 
by 40, the length AD, —— —— 148840 
| Four times the cube of 18, for the trunions, 
caſcable, and mould, 


1070552 


i 


The "0 of theſe laſt three products added; 1 1242720 


The ſquare of the bore 25, multiplied by 
its length 416, — 
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The difference between theſe two lat ſums, 932720 
The ſquare of the diameter is to the arra 
il of the Circle, as 452 to 335, — 771826 
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Theſe are cubic parts of the ſhot's diameter, divide! 
into 24 equal parts: and as a cubic foot of gun meta 
weighs 459 pounds, according to our tables, or 19) 
cubic inches 61 pounds; the laſt ſum 

proportion gives 245215. 
But the cube of 24, t 


— 


he diameter of the ſhot, is to 
the cube of 4, the diameter of a 9 pound ball, as 216 
to unity, ſo is 245215 to 1135 pounds, the weight 0 
a 9 pounder ; and if this number be divided by 9, ve 
ſhall have 126 pounds of metal for every pound of the 
ſhot's weight. Conſequently the weight of the ſhot o. 
any gun, according to this conſtruction, multiplied by 
126, and the product divided by 112, gives the weight 


Length and weight of battering pieces. 


Oli Pieces, 


[Calib. Length. Weight. | 


— 


LN 8 0 %o: 


of 


9.49: 0,250: 
12 9 0 29 % 
18 9 6 48: 0: 00 
26 9 6 i51 8: 
32 10 0 65 2 9 
of q: 6 '61 2 : 10 


The lengths of pieces are in feet and inches ; old guns þ 
of the ſame caliber are not always of the ſame length, 
nor of the ſame weight; theſe given here are thoſe mol! 
commonly uſed at preſent; but for what reaſon the 3: | 
pounder, is longer than the 42 is only known to the 


maker. 


New Pieces. 


— 


Calib. Length. Weight. f 


9 


F 62713 220 


18 726 f 120 


42 10 / 1 0 


48 19 6 (64: O 0 
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Remarks on this conſtruction. 


We have ſhewn in the Introduction, that the guns 
ſhould be cylindiic as far as the charge reaches, and 
from thence conical to the mouth; and therefore the 
conſtruction is conformable to the theory : we have like- 
wiſe ſhewn, that the center line of the trunions ought to 
paſs through the center line of the bore; for when it is 
lower, as has hitherto been the cuſtom, the carriages 
are deſtroyed in a ſhort time; the diſtance of the trunions 
from the breech is the ſame in both, and we found it 
likewiſe to be right by computation : the length of the 
36 and 42 pounders is agreeable to that commonly 
given to battering pieces; and ſince both theſe calibers 
weigh leſs than the old 24 pounders, they may be uſed 
inſtead thereof, as well as the 48 pounder, which weighs 
very little more than ſome 24 pounders, eſpecially as a 
breach is much fooner made by large calibers than by 
ſmall ones; and ghat they are ſtrong enough we are 
certain, ſince our preſent field-pieces, whoſe ſtrength is 
to that of theſe in the proportion of 8 to 9, have been 
found by repeated experiments, to bear any firing 
whatever; and they need not be loaded but with one 
fourth of the ſhot's weight, when they are made with- 
out chambers, ſince the force of a 32 pounder, loaded 
with 8 pounds of powder, is greater than that of a 24 
pounder loaded with 8 pounds, 1n the proportion of the 
weights of their ſhot ; that is, in proportion of 4 tog 
and the force of a higher caliber is ſtill greater. 

It is true that theſe new pieces would recoil more 
than the old, if they were loaded with the ſame charges, 
which is not the caſe; beſides, it may be eaſily pre- 
vented, by allowing a greater ſlope to the platform. 
Conſequently the pieces, according to this conſtruction, 
have greatly the advantage over the old ones. | 


=O E 2 ; Con- 
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Conſtruction of iron battering and garriſon pieces. 


Let the length A B be 21 diameters of the ſhot, di- 
vide that diameter into 24 equal parts as before, make 
the diameter of the bore 25 ; from the hind part A of 
the baſe ring, to the fore part D of the vent aſtragal, fet 
off 48 parts; make the thickneſs of the metal, taken 
from the bore at A and D, equal to 25 parts, and 12 at 
the mouth B, | 

The center line of the trunions croſſes the center line 
of the bore at right angles, at the diſtance of three ſe- 
venths of the total length of the gun, that is nine dia- 
meters from the hind part A of the breech : their dia- 
meter is 24 parts, as well as their length, free from the 
progreſſion of the ſecond reinforce ring ; the firſt rein- 
force 9 diameters and 3 parts; the ſecond 5 diameters 
and 9g parts; the breech A C, 24 parts; the muzzle 
H B, 30; the chace girdle FI, 16; the diameter of 
the ſwelling at the muzzle is 6 parts diſtant from the 
mouth; arid the reſt as before. | 

By the ſame manner of computation as before, I find 
two hundred weight of metal for every pound of the 
ſhot's weight. Hence we have the following, 


Iron battering and garriſon pieces. 


| Caliber, Length. Weight. 

| 3 4 : 10 TRE pg 

4 5: 4 8:00 | 

a nere 
—— 

tes | 18:0: 0 

Sos 2 i. | 22> 0; 0 

B 9 : N 8 91 
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Obſerve, that the 32 pounder is but 19 diameters 
long; the thickneſs of metal at the breech 24, and 11 
at the muzzle. Experience has ſufficiently ſhewn in this 
laſt war, that iron guns ſtand much better, in making 
a breach, than the braſs; for the latter have failed in 
all the ſieges they were uſed. 

I can affirm, that a hundred and a half of metal is 
ſufficient for one ponnd of the ſhot's weight, provided 
the guns are made of good virgin ore : and one ſhould 
think it would be the intereſt of the nation, to make uſe 
of the beſt that is to be found in the country for that 

urpoſe. | 

Beſides, a ſet of 6, 7, 12, 18, 24, 32 of braſs pieces, 
weigh 22700 weight, which, at 130 J. per ton, coſt 
1475 J. 10 s. and the fame ſet of iron weighs 19400, 
a ton coſts 16 J. and the whole ſet 135 J. 45. So that 
9 fets of iron coſt no more than one of braſs. 


Conſtrudtion of braſs pieces for ſhips. 


As long guns axe very inconvenient on board of ſhips 
on account of the difficulty in loading them, we ſhall 
ſuppoſe the length AB to be 15 diameters of the ſhort, 
which diameter being divided into 24 equal parts, as be- 
fore, and the diameter of the bore being likewiſe 25 
parts; the diſtance AD is 40 parts; the breech AC 18; 
the thickneſs of the metal at A and D is 20, and 10 at 
the mouth B ; the reſt of the conſtruction is the ſame as 
before; only the diameter and length of the trunions 
are 20 parts each, 

By the ſame manner of computing the weight of 
metal as before, we ſhall have 124 pounds of metal for 


| every pound of the ſhot's weight; which gives the fol- 


lawing table. 


E 3 Braſs 


. 
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Braſs ſhip-guns. 
"Caliber, Length. | Wege- 
3 3 5 31:17, 
FO He. + 1 6:2: 14 
| 9 | 5 : © 20/5 0 0 
e | 9 : 6 131 3 
| 18 7 4 20:0: © 
24 12 26: > 7 - 
| 32 +40 3-0-0: | 
1 — — 2 
"i 7ꝛ 10 $2017: i} 
42 8 "4 "46 * 3. 
nnen 


Remarks on this conſtruclion. 


In this conſtruction we have not con ſidered the 
ſtrength ſo much as the weight, on account of the re- 
coil; for fhould that be too great it might be attended 
with great inconveniency, ſuch. as tearing the tackle. 


But when theſe guns are loaded with one fourth of the 


ſhots weight, if there are no chambers made, the re- 
coil will be bur little greater, or perhaps no more than 
that of old guns loaded with half of the ſhot's weight: 

this being the caſe, there is not the leaſt reaſon to make 
pieces 0 heavy as at preſent, nor ſo long: ſor if it be 


conſidered that ſhips may carry 12, 18, 24, 36, 42, 48 


pounders of this new conſtruction, inſtead of 6, 9, 12, 
18, 24, and 32 pounders of the preſent, apd at the ſame 
time carry leſs burthen ; it muſt appear to every rational 


perion, what advantage ſuch a ſhip mult have above an 
2 enemy's 


RTI ELER. 55 


enemy's of the ſame rate. To illuſtrate this by an ex- 
ample, we ſhall give here a liſt of the guns, length and 
weight, which are on. board the Royal George, 


Pi. Num. Length.] Weight. | Total. 
42] 28 | 9:6 61: 2: 10 1820 
24] 28 |-9: 58 20: 0 21428 
[7] 28 % 9:0 g: 0: © | 82 

61 16'1 8:0 — 10: Ol 304 


Total 4366 or 218.3 tons. 


A new ſet of guns, 
bs hea Length, | Weight. | Total. 
$2428 | 8 4 46:2 0 j1202:2:0:: © 
32 enn, eee: 
wp 301-20 20: 2:7 Þ 943-29 5 21 
118 16 | 6:4 1202/0 a 32020: 0 


1 


Total 39337 22.242 
Total in tons — 167.8 
Difference — — 30.5 


It muſt be obſerved, that inſtead of 28 pieces of 42 
pounders (formerly taken from the French) which are at 
preſent on board, the ſame number of ours are to be put 
in their place. 

Hence it appears, notwithſtanding, that there are 28 
pieces of 32 pounders in the new lift, inſtead of 28 
twelve pounders, and 16 eighteen poundets inſtead of 


the ſame number of fixes; yet the difference between 


the total weights is 50.5 tons, an object too conſiderable 
not to be obſerved. Beſides, the new guns being ſhorter 

than the old, they may be fired much faſter, | 
That the ſtrength of theie guns is ſufficient appears 
from the trial of 2 twelve pounders made for admiral 
6 eh ; 1 were loaded with 12 pounds of powder each 
E 4 | time, 
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time, and ſtood the proof, without receiving any 
damage; and I may venture to ſay, that they would 
ſtand any number of firings with the common charge. 


General conſiruftion for iron ſhip guns. 


Let the length of the piece be 15 diameters of the 
ſhot; the diameter of the bore 25 parts of the 
ſhot's diameter divided into 24, as before; the diſtance 
AD, 40 parts; the breech AC, 24; the thickneſs of 
metal at the vent 24, and half that thickneſs at the 
mouth; the diameter and length of the trunions 24 
each, and the reſt of the conſtruction the ſame as be- 
fore. 

By the ſame way of computing as before, we ſhall 
find 140 pounds of iron, or a hundred and a quarter, 
for every pound weight of the ſhot : ſuppoſing that 
108 cubic inches of calt iron weigh 29 pounds, accord- 
ing to our table of ſpecific gravities. 


Iron ſhip guns. 
Old pieces. New pieces. 

Talib. Length. W cight. | [Calib. | Length, Weight. | 
© 4:6 Tir: 1 N 
5 460 12:2: 13 1 61.4: 4 7 220 
"A 1.:0 117: 1: 14 [9 5:0 [i1:1:0| 
[9 þ 1:6 ja3 FBS HAS: 98 16 [18 8 0 
12 9% 0 323 1 18614 22: 2: 0 
9 % 45 i: 8 | 4} 7:0 [30:0 © 
| 24 [9.9 48 :0: of 3 [736 [46; 90:0 
2 4 53 h J-* * | 4 | 8:4 52 220 | 
g 42 19:2 55.31: 12l 48 8:6 60:0:0 
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| Remarks on this conftruTion. 


The making iron pieces in ſuch a manner as not to 
be heavier than is neceſſary, nor yet too weak, ſo as to 
be in any danger to break when fired btiſkly for ſome 
time, is of the greateſt importance, inſomuch as all our 
ſhips, one or two excepted, are provided therewith ; 
for by making them too heavy the ſhips cannot carry 
ſo many large large calibers as they otherwiſe might, 
which is agreed by the beſt judges to be a great diſad- 
vantage; if, on the other hand, they ſhould be lo weak 
as not to bear a briſk firing, the burſting of a piece in 
an action might create ſuch a confuſion as to cauſe the 
loſs of the ſhip. ' But to prove beyond doubt that no 
danger can be apprehended from guns made according 
to this conſtruction, provided the iron is good (fuch as 
that of the Carron company) appears from the trial of 
2 three pounders made for lord Egmont; for they both 
ſtood the ordnance proof loaded with three pounds of 
powder, and I am certain they would have ſtood if they 
had been loaded with double that charge. There was 
alſo made 2 fix and 2 twelve pounders for Monſ. De 
Malo, the Portugueſe envoy ; and they ſtood their proof, 
and would have done it, if they had been loaded with 
much greater. charges than the weight of their ſhot. 
Now fince all the calibers are proportionally ſtrong, 
according to their charges, the one being found ſtrong 
enough by practice, all the reſt muſt be ſo too. Se- 
condly, we have a great many 6 and 9g pounders that 
were caft formerly, and which have been uſed a great 
while, and are leſs thick at the muzzle aſtragal than the 
new ones : this being an undeniable fact, proves again, 
that the new are of a proper ſtrength. The reaſon that 
the -preſent guns are fo much heavier than the new, 1s 
owing to their greater length; beſides the charges of 
powder have hitherto been greater than was neceſſary, 
and the ſtrength of the pieces has, or ought to have 

been 
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been made in proportion. With regard to the length 
of theſe new pieces, they are ſuch as are conceived by 


ſome of the beſt ſea officers to be much more conveni- 


ent than if they were longer, on account of the rope 


rammer they are obliged to uſe; for in long pieces, if 


the rope is hard and ſtiff, it is bent with great difficulty, 
and if not, will ſcarcely ſuffice to ram the ſhot home. 


Guns of a new conſtruction uſed in the ſeveral men of war. 


Num. Weight; Weight|Num. , Weight off Werght off 
of of of |. of oft the new | 

guns. | old, | new. [ſhips ] number. number. 
100 [4367. 32 5 56. 0 5 21838. 3. 12780 . 
90 35 37. 312501. of 99 31839. 33 18009 

80 13108. 31827. 00 7 | 21761; 1 12789 
74 3091. 001840. 2] 32 98912. of; 58896 
70 2997. 01796. 2]. 10 29970. of 17955 
64 2543. 311305. 09 2 58505 30815 
60 12177. 31185. of 38 | 65332: 24 35550 

| co 1881. 11035. 0 19 | 35743. 3 19665 

44 1365. 2] 705,09) 8 10924. 0 5640 
40 1234. 2 312. 24 9 11110. 2 2812 
35 | 993: 3] 450. 99 7 6746. 1 3150 | 
32 | 956: 21 435. 0 28 26782. c| 12180 | 

28 | 593. 2] 285: © 23 | 13650. 1 6555 
24 || 531; 3] 255. 0 12 6381,c] _ 2060 |, 
20 | 421.2]. 191. I. 15 5322.21 2869 | 


— 


Total of the Weights — — 445820 2415 35 
Difference 20388 500 or 101944 tons, 
Diflerence of the expence. 163 108 J. 


If to this we add the difference 26321 l. between the 
braſs guns of the Royal George and the ſame ſet of iron, 
we get 189429 J. for the difference between the expences 
of the old and new ſet. And if the number of guns on 
board of the ſloops ànd thoſe in the garriſons, as well as 
thoſe which ſerve in the field, it may perhaps amount to 
as much more. ‚ 
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Hence every ſhip may carry very nearly double. cali- 
bers of theſe new guns to thoſe of the old ones, and 
that with ſafety, and be leſs burthened at the ſame time, 
as has been fully proved : the great advantage of ſuch 
a change mult be plain to all ſuch as are concerned in 
nayal affairs. I muſt obſerve one thing more, that the 
ſmall charge we propoſe may appear inſufficient in cali- 
bers under a 24 pounder ; but when it is conſidered, 
that when ſhips come to a proper diſtance, the ſmall 
ſhots have as much chance to penetrate the ſhip as the 
large, though their effect is leſs in proportion; but at 
a great diſtance the reſiſtance of the air 1s greater. in 
proportion as the diameter diminiſhes, as Mr. Robins 
has rightly obſerved. 

But as all commanders make, or ought to make a 
point of it, to come cloſe to an enemy before they begin 
to fire, there is no reaſon to fear but that thele ſmall 
calibers are as uſeful as any others, 


Number 
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N. umber and caliber of guns, on board the ſeveral men 


of war. 

Old Eſtabliſhment. Ne Eſtabliſhment propoſed. 
8 ge ſeſ Ae 8 SPE © > 
[1ooſ28| [25 [25]. 115] [rooſes| [es 280 16 * 

ER 
Bol 26126] 124] 4 

74] 28028 18 7 
rol [z8fz8| 4 + 10 
60 427426 * 44} oh ah 
bolt | 424026 px my oe 
50] | 22022 1 
D 
E 
3 | | e eh 
* 
1. T1: 
al FT [el | 
ol: | io Tf 


The firſt column contains the number of guns whic!: 
the ſhips carry, according to the preſent eſtabliſnment; 
rhe numbers in the firſt horizontal line expreſs the 
calibers uſed on board of the men of war; and the num- 
ber of each fort are under them oppoſite the number the 
ſhips carry. | 

| Conſtruction 
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Conſtruction for light field pieces. 

Let the length AB of the piece be 14 diameters, the 
diameter of the ſhot divided into 24, and the bore 25 
as before; the thickneſs A C of the breech 14, the 
diſtance” A D 39; the thickneſs of metal at the vent 
A D 16, and 8 at the mouth; the diameter and length 
of the trunions each 16 parts, and the reſt of the con- 
: ſtruction as in the firſt. 

A ring of metal is caſt under the eiſcable- in theſe 
light pieces, as is ſeen in figure the ſecond, which ſerves 
to faſten the head of a ſcrew, that is uſed inſtead of 
coins to raiſe the piece by : this ring is deſcribed from 
the ſame center, and with the ſame radius as the neck; 
the diameter of the hole to receive the bolt is g parts, 
and the thickneſs of the ring is 4 parts. 

By the ſame way of computing the weight of metal 
as after the firſt conſtruction, we find about 85 pounds 


of metal for every pound of the ſhot's weight, which 
gives the following dimenſions. 


FIELD PIECES. 


Preſent. New. 
Calib. Le Weight. Calib. Length, Weight. 77 
3 3:6 | : 3 3 22 12 2 


CO 


3: 19 
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From whence it appears, that the weights of the 
new conſtructed pieces nearly agree” with thoſe uſed at 
preſent: the lengths of the g pod; 6 pounders new are 
leſs, and choſe. Of 12 and ag ſomething more than the 
lengths of the preſent. We have hitherto uſed but the 
four calibers marked above, and even the 12 and 24 
very little, becauſe it has been found that theſe pieces, 
placed on a level platform, and loaded with one-fourth 
of the ſhot's weight of powder, recoil too much: yet 
as platforms are never made upon any occaſion without 
a {lope, and in an engagement are placed upon tutf, 
and the advantage of the ground is or may be taken, 
the firing theſe pieces upon a level platform made of 
ſtone is not an experiment to be depended upon. 

Theſe light 18 and 24 pounders may ſerve in, private 
expeditions for battering pieces, eſpecially here the 
road is very bad, and no heavy pieces can pal, and yer 
battering pieces are required; which is the cafe where 
a fort or any other poſt is to be taken; for no leſs cali- 
bers are eſteemed ſufficient to make a breach, or induce 
the commander to ſurrender. There have been much 
lighter pieces made not many years ago, as a 6 pounder 
weighing but three hundred and a half, and which 
carried its ſnot very well with a pound and a quarter of 
powder; but it is imagined that they are attended with 


inconveniencies in real-ufe, for which reaſon they have 
been an Þ | 


cara of iron garriſon pieces. 


Let Wand of theſe pieces be 18 diameters of the 
ſhor, and the reſt of the conſtruction be the ſame as 
that of iron ſhip guns : then by a like computation as 
before, we find 172; pounds of iron for every pound 
of the ſhot, and from thence we get the following di- 
menſions. 


IRON 
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IRON GARRISON PIECES. 


Dali. Length. Weight. 


1 9 * — = 
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6 32 1 9 249 2 18 
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As the 32 pounder weighs about the ſame, and is 
yearly the ſame length as the old 24 pounder, it may 
well ſerve upon the ſame occaſion. : As to the lengths 
and weights of the other calibers, I imagine them ſuch 
as are proper for the uſes they are commonly applied to. 
The 42 pounder may alſo ſerve near the ſea, or in har- 
bours, to prevent enemy's ſhips from paſſing by, with 
more advantage than 24 and 32 pounders, which are 
chiefly uſed at preſent upon thoſe occaſions. 

But if ſome of the ſmaller calibers ſhould be thought 
too ſhort, according to the preſent practice, they may 
be lengthened ſo much as neceſſary, without changing 
any of the other dimenſions, which do not depend on 
the length. | 

Having given general conſtructions for the ſeveral 
ſorts of braſs.and iron cannon, which are neceſſary upon 
different occaſions by land or ſea, in the moſt plain 4d 

| eaſy 
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eaſy manner we could think of (which none have yet 
done) and as theſe conſtructions are grounded on the 
moſt plauſible reaſons, ſupported by theory and practice, 
it is hoped our endeavours will be of uſe to the public, 
as expences are conſiderably leſſened. For if the great 


quantity of metal required in all the guns neceſſary to 


the nation, and the vaſt-number of horſes now uſed in 
the field be conſidered, and that according to our con- 
ſtruction above one-third will be- ſaved, as likewiſe a 
proportional number of horſes, one would imagine theſe 
advantages ſufficient to induce the directors of theſe 
affairs to examine: well our ſcheme, and to make proper 
trials, in order to be-convinced whether what 1s here 
propoſed is of any real advantage or not; at the ſame 
time guarding againſt the crafty inſinuations of ignorant 
artiſts, who find fault with improvements merely out of 
a ſelfiſn vanity, without judgment or knowledge. 

As we propoſe to make chambers in all guns above 
an 18 pounder, it may be objected; that the difficulty 
of loading them will prevent their ule ; but as a ram- 
mer may be contrived ſo, as to load theſe pieces as eaſy 


as others, the only difference being to put the powder 


in cartridges, which is more than recompenſed by ſaving 
almoſt half of it; beſides, the pieces will not be heated 
io ſoon, and conſequently they may be fired much 
oftener without any. danger of being damaged. When 
all theſe advantages are well conſidered, it will be found 
that chambers in | large Cannon is an ora not to 


be neglected. 


We muſt obſerve one thing more before we leave this 


ſubject, which is, that as we make the diameter of the 
_ bore but one 24th part larger than that of the ſhor 
(whereas the common practice is to make it one 20th 


part more) if the bores of the new conſtructed guns are 
made as uſual, they will be ſomething lighter than what 


we have marked them in the preceding tables But as 


a {hot goes much truer when it juſt fits the bore, and 


does leſs dumage to the gun, by not bouncing from one 
ide. 
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fide to the other, it is to be hoped that they will be made 
in the manner we propoſe. . 

It is true that ſome artillery officers ſay, that the 
wi of a gun ſhould be equal to the thickneſs of 
the ladle ; becauſe when it has been loaded for a while, 
the ſhot will not come out without being looſened there- 
by, in order to unload it; and when this cannot be done, 
it muſt be fired away, and fo loſt ; but as the windage 
of a 9 pounder, according to our conſtruction, is .166 
of an inch, this is conceived a ſufficient thickneſs for 
a ladle, and thoſe of a higher caliber become ſtill thicker 
in proportion. But ſuppole this thickneſs is not ſuffi- 
cient, the loſs of a ſhot is a mere trifle in reſpect to the 
advantage got thereby ; beſides, as there is always a wad 
before the ſhot, I do not ſee that any duſt or dirt can 
get into the piece; and therefore when the muzzle is 
lowered, the ſhot will roll out of courſe. 

There is another advantage in theſe general. conſtruc- 
tions, which is, that the diameters of the ſhots being 
marked on braſs rulers at full length, and divided into 
24 equal parts, they will ſerve as ſcales to draw the 
draughts in full lengths for the uſe of the founders and 


the carriage-makers, whereby the patterns may be made 
with great eaſe and exactnels; 
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PART III. 
Conſtructions of Mor TA RS and HOWITZES. 


ORTARS are a kind of ſhort cannon. of a 
large bore, with chambers. Their uſe is to throw 
hollow balls filled with powder, called Hells; which 
falling upon any building, or into the works of a for- 
tification, burſt; and their fragments deſtroy every thing 
within reach. Carcaſſes are alſo thrown out of them, 
which are a ſort of ſhells with five holes, filled with 
0 ; pitch 
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pitch and other combuſtible matters, in order to ſet 
buildings on fire; and ſometimes baſkets full of ſtones, 
the ſize of a man's fiſt, are thrown from them upon an 
enemy, placed in the covert way in the time of a ſiege. 

Mortars are diſtinguiſhed here chiefly by the diameter 
of the bore. For example, a ten inch mortar is that 
the diameter of whole bore is ten inches; there are how- 
ever ſome ſmall ſorts, as cochorns and royals; the name 
of the firſt is derived from that of the inventor. 

Sea mortars, or thoſe placed on board of ſhips, are 
longer and much heavier than the land. There is beſides 
another ſort, called howitzes, of a German invention, 
which differ from the former, in having their trunions 
placed nearly in the middle, and being mounted upon 
carriages like travelling gun-carriages. 


Par E II. Fig. 5. 


The principal parts of a mortar are on the outſide the 
chaſe A, the reinforce B, the breech C, and the tru- 
nions D. In the inſide, the part where the ſhell is 


ledged, is the bore; and the part where the powder is 


lodged, called the chamber. The parts z u. 

The figure of the chamber is made variouſly by dif— 
ferent nations; the Spaniards uſe chiefly the fpheric ; the 
French the conic, cylindric, and the bottled or concave ; 
the Engliſʒ make them in the form of a fruſtum of a 
cone. Each nation has its reaſons, good or bad, to 
prefer their make before that of others ; but whoever 


conſiders theſe different. forms in an impartial manner, 


and the reaſons given by authors for adhering to one 
preterable to others, will find, that nothing is leſs deter- 
mined vpon true principles or experiments, than the 
proportions of the ſeveral parts of a mortar ; we ſhall 


therefore begin to give ſome tables of their dimenſions, 


and afterwards examine the different parts ſeparately, 
as we have done in guns, in order that the reader may 
diſtinguiſh their perfections and imperfections. | 

Dimension, 
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D Dimenſions of the braſs land mortars now in uſe. Fig. 5. RD 
Diameter of the bore — — 13 10 8 | 6.8 | 4.5 = 
Total length of the mortar — — 44 33 $0 16. 5 13 
From the mouth to the reinforce — 15.25 10 8. 5 4.75 4. 2 
Length of the reinforce — — 8.75 8. 1 5 | 5 | 3. 9 
Length of the trunions from end to end 32. 5 26 : 20 | 12 9. 2 
4 Diameter of the trunions _ — J. 5 „ 5 276 2.1 
a Length of the bore — — 24 18. 13 8. 5 7 
Length of the chamber— — 12 7. 8 7. 75 4. 5 3.7 
2 Greateſt diameter of the chamber — 6.6 4. 5 4: 3 2.7 
| Leaſt diameter of the chamber — 6 7240 3.4 2.4 1. 4 0 
Diameter of the muzzle ring — — 21 15. 15 rh 2} 8 6.4 Is, 
3 Breadth of the muzzle ring — — 1.1 48 6 27 3 
* Breadth of the aſtragals and fillets — 1.25 1. o 74:1 O O 
+ Diſtant from the muzzle ring — — 1.5 | 1. | 1. o 0 0 
EDiameter near the muzzle aſtragal — 18. 1 13. 2 10 6. 9 „ 
Diameter near the reinforce — — 18. 1 13. 2 1 20 6. 9 5. 6 
£4 Diameter of the reinforce — — 21 15. 15 18 8 6.4 
5 - <5! Breadth of the ogees — — 1.5 1. o 1.869 2 8 
E Diameter behind the breech aftragal — 18.1 _ 13. 2 9.8 | 6.9 59 
Chamber contains powder — 9:1: , 
Weight of the mortar —  —: C. 25:0: oto: 2:18] 4:90:20 | 1:1: © | 0:3:.0 
0 Weight of the ſhell when filled — C. 1: 2: 2510: 3: 20:1: 17 J 0: 0: 13 [:: 7 
«Shell contains powder — — lb. 9:4: 81 4: 14: 121 2:3: 8 1:1: 80: 8:0 
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N. B. The extremity of the bore is made round, and 
formed by an arc, whoſe radius is equal to that of 
the bore, and terminated by the lines which form 
the chamber : the bottom of the chamber is ſemi- 
circular, 'the outſide of the metal is determined by 
a circular arc, deſcribed from the ſame center as 
the bottom of the chamber, and touching the lines 
drawn parallel to its fides. 

As all the neceſſary dimenſions are ſet down here 
accurately, the reader may eaſily conſtruct theſe mortars 
by the help of the plate, which ſhews their form; for 
which reaſon we ſhall inſiſt no farther upon them. 


Dimenſions of fea mortars in inches. Fig, 6, 7. 


Diameter of the bore — — 13 | 10 
Length of the mortar — — 63 56 
From the muzzle to the reinforce 21 F 
reinforce 18 DR | | 
Length of the 4 bore —> — 24 | 30 
chamber —— 21 1 15 

Its greateſt diameter — — 8.3 6.6 
Its leaſt diameter — — 7 6 

Breadth of the muzzle ring — 3 | 2.4 
Of the muzzle, ogee, and fillet 0 
From the muzzle to the aſtragal O 1 

Of the aſtragals — — 0 [oo 
| reinforce rings — 1.9 0 

: {Hogees next to them — 4.5 2.2 
Of the F chace ring — — 1.5 O 

chace ge: — 2,2 | - 

| chamber aſtragal O 24:6 

Thickneſs of metal at the muzzle 4.7 2.8 
At the muzzle ring — — 5.3 6 

Near the reinforce — — 47 2:2 
At the reinforce — — 8 6 
Behind the reinforce — —93 6 
Trunions length from end to end 454 | 36 


Its 
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Its greateſt diameter — — 12 Ba 
Its leaſt diameter — — 10 8 
Length of the part diminiſhed — 6 0 


7 


Chamber contains powder h 32 x2: 8 
Weight of the mortar — C. 81: 1:18 32: 3:7 


N B. The thickneſs of metal at the muzzle, and 
near the reinforce, is taken from the lines produced, 
which determine the bore o the mortar; and 
behind the reinforce it is taken from the lines, 
which terminate the chamber. The round part or 
the breech or the mortar is circular, and deſcribed 
from the ſame center as he bottom of the chamber 
in the 10 inch, and fo as to come within 3.5 inches 
of the end of the mortar in the 13 inch; and in both 
ſo as to touch the outlines, which are drawn parallel 
to the ſides of the chamber. 

The reader may eafily perceive, that wherever ſtands 

an o in the two laſt tables, there is no ſuch dimenſion 

in that mortar; for there are mouldings in one which 
are not in the other. 


Di menſions of How1TZEs by inches. Fig. 8. 


Diameter of the bore -— — 10 1 
From the muzzle to the reinforce 19.4 16 
Length of the reinforce 11.9 10.7 
Total length of the howitz — 50. 4 | 37-4 
Dore '— — 29.2 25.9 
el the 8 — 168 | 99 
Its greateſt diameter — — 6.5 4.6 
Its leaſt diameter _ — 5.6 4 
Breadth of the muzzle ring — 1,7 *» 1.25 
From the muzzle ring to the aſtragal 4.3 4.6 
Breadth of the aſtragal 1% 3 
Of the ogee before the reinforce 2. 1.4 
Of the ogee behind the reinforce 1.7 | O 
F 3 Of 
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Of the aſtragal — TE ES 


7 
Of the baſe ring — — 1.8 1.25 
From the baſe ring to the aſtragal 2.2 0 
Breadth of the aſtragal — 1.3 O 
* Thickneſs of metal at the muzzle 2.75 2.25 
At the muzzle ring — — 5 | 3.4 
Near the reinforce _ — 3.4 2.6 
At the reinforce — — 5.0 3.4 
Behind the reinforce — — 44 2.5 
Diameter of the baſe ring —— 20 I4.7 
Diameter at the vent. aſtragal — 17.5 12.5 
| caſcable — 8.25 7.6 
Diameter of the 4 button — 7 | 3 
neck — 3.5 
Breadth of the ogee and fillets I | 9 
Of the ſecond ogee and fillets 1.6 9 
Diameter of the _ d 9˙5 
econd — 7.04 4.5 
Length and diameter of the trunion 6, 4.4 
From the fore reinforce to the trunion 2. 1.2 
Chamber contains powder Þþ 18 4 
Weight of the howitz — C. 31: 2: 26 12:1 11 


Remarks on the conſtruction of MOR TARS. 


Of all the parts of Artillery, the conſtruction of mor- 
tars is the moſt variable and uncertain; almoſt every 
artilleriſt has ſome favourite notion or other concerning 
their figure, Mr. Belidor mentions, in his Bombardier 
Frangois, four difterent chambers ; namely, the cylin- 
dric, the ſpheric, the conic, and the bottled; of theſe 
he ſays the cylindric is the worit, and the conic the 
beſt; for, ſays he, the vent being at the end of the 
cylindric chamber, prevents the powder from taking 
fire ſo quick as in the conical one; he alledges likewiſe 
another reaſon againſt the uſe of theſe chambers, which 
is, that they are ſeldom caſt ſo as their axis Waſpouc 
| WIEN 
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with that of the bore, whereby the direction of the ſhell 
becomes variable and uncertain. 

But ſince there is no neceſſity for placing the vent at 
the end of the chamber, as he ſuppoſes, all his argu- 
ments on that account can only be againſt the preſent 

ractice, and by no means proves their badneſs; and 
had he conſidered the exploſion of powder as an elaſtic 
fluid, as he ought, he would have eaſily perceived that 
the direction of the chamber, with regard to that of 
the ſhells, is of no conſequence, ſince the action of 
fired powder is every-where perpendicular to the ſurface 
it acts upon. Beſides, according to the experiments 
I made, which are mentioned in the preface, the force 
of powder, when fired at the end, is greater than when 
fired in the middle. I dare not however infer, that the 
ſame thing will happen in larger mortars, becauſe I have 
found by experience, that we ought to depend upon 
nothing but what has been found to anſwer in pieces of 
the ſame caliber; and therefore all the different ſizes of 
mortars ſhould be tried and examined, to determine 
where the vent is to be placed in the moſt advantageous 
manner. 

We have proved in the fifth Theorem, and the ex- 
amples that follow, that the action of fired powder 
diminiſhes in proportion as the ſurface preſſed enlarges ; 
the ſame thing we have likewiſe found by experiments, 
and therefore the conic chambers are the very worſt of 
all, 
The late General Bergard made his chambers likewiſe 
conical, terminating: 11 a circular form at the bottom, 
as has been ſhewn in the foregoing tables of the dimen- 
ſions; and ſo as the ſides of the chamber produced meet 
the extremities of the diameter at the mouth; imagining, 
I ſuppole, that the powder acts in right lines parallel to 
the ſides of the chamber. Though he was one of the 
braveſt officers of his time, and ſerved about ſeventy 


years, yet his qualifications as an inventor were but very 
moderate, 
F 4 As 
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As to the advantage of concave chambers of any kind, 
it conſiſts in this, that their entrance may be made nar- 
rower than thoſe of any other form, and that this is a real 
ad. antage, we have proved both by theory and practice: 
yet when the entrance is ſo ſmall as not to admit of a 
man's hand, they are not eaſily cleaned; and if an 
ſparks of fire ſhould remain, cannot be fo well extin- 
guiſhed ; for which reaſon I would make them of this 
form only in ſea mortars, becauſe they are loaded with 
large quantities of powder, and in the land ones cylin- 
dric : ſince theſe latter need be charged with but little 

wder, 

As to the vulgar notion, that mortars with concave 
chambers, when fired, ſhake their beds with great vio- 
lence, and make the direction of the ſheil very uncer- 
tain, it is grounded upon ignorance, and deſerves no 
notice, | 

The length of mortars is no more aſcertained than 
the reſt of the dimenſions : the French make the length 
of the bore a diameter and an half of the ſhell; on the 
contrary, we make that of our land mortars two of 
theſe diameters, and three in the ten inch ſea mortar, 
which cauſes a great difference in the weights; for our 
thirteen inch land mortars weigh C. 25: 0: o, whereas 
the French weigh only C. 13:0:0. 
It is a query, whether this difference produces any 
material advantage in the ranges; if not, it would be 
unneceſſary to make them ſo long as we do, fince this 
increaſe makes them ſo much the heavier. For the 
ſame thing (viz. that thoſe guns which carry fartheſt 
are not the beſt) is alſo true in mortars ; ſince if they 
carry their ſhells about 12 or 1500 yards with a mode- 
rate charge, it is in my opinion ſufficient in reſpect to 
land mortars ; becauſe when they carry farther, the hit- 
ting an object becomes ſo extremely uncertain, as to 
render that advantage uſeleſs ; therefore all means ſhould 
be tried to make them as light as conveniently can be. 
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The thickneſs of metal in the different parts of a 
mortar, is as undetermined as the reſt : for not any Two 
| ſorts are equally ſtrong ; ſome are as much too weak as 
others the reverſe, and thule who have the direction of | | 
theſe things are ſo ſlightly acquainted with the common 0 | 
principles of geometry, that when a mortar of any ſize 45 

is made with proper dimenſions, and has been found in 4 
practice to anſwer perfectly well, they cannot make 14 
another either leſs or larger, that ſhall ſtill retain the 1 
properties of the former, | 

The reaſon is, that commonly none but workmen are 
employed on them, whoſe knowledge conſiſts only in 
imitation and gueſs. For though a workman may be 
very capable to execute the work, or to ſee it done, yet 
it can hardly be ſuppoſed that he 1s able to determine 
the proper dimenſions of the ſeveral parts. 

The parts of mortars are formed in imitation of thoſe 
of guns; for which reaſon they make them with a rein- 
force. This only overloads the mortar with a heap of 
uſeleſs metal, and that in a place where the leaſt ſtrength 
is required ; yet, as if this unneceſſary metal was not 
| ſufficient, they add a great projection at the mouth, 

which ſerves to no other purpoſe than to make the mor- 
tar top-heavy. The mouldings are likewiſe jumbled 
together, without any taſte or method, though they are 
taken from architecture. 

As there has not the leaſt hint hitherto been given, 
with regard to a general rule to conſtruct all ſizes of _ 
mortars by, without which, the artilleriſt cannot poſſibly 
underſtand what he is about, nor can he judge whether 
he is right or wrong, whenever he attempts to conſtruct 
others of a different ſize from thoſe in uſe at preſent, 
ne muſt remain in ignorance, let him take ever ſo much 
pains, we ſhall give the following rules. 


Genera! 
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General dimenſions for land mortars. 


Plate III. Fig. 9. 


_ bore — 30 
Diameter of the 1 3 

bore — — 54 
Length of the ; 1 #4 


From the end of the chamber to the}  - 
end of the mortar — — T 
Total length of the mortar — 92 
From the mouth à to the reinforce ? 30 
Length of the reinforce þ c 18 
e of che rm ringand fillets 3. 5 
ogee next to it — 
From the ogee to the muzzle aſtragal 
aſtragal and fillets 2.5 
ogee before the re- 


| | inſoree 
Breadth of the two ogees and fillets | 
6 


behind the rein- 

force — 
Thickneſs of metal f Wide mens © 5 . 
near thereinforce 6 

reinforce 7 

Thickneſs of metal at 2 12 
* muzzle ring 6. 5 
Diameter of the trunions 


14 
Length of the trunions from the mortar 15 
| d 
Chamber contains powder —— — 
421 
| 
R cd 
Weight of the mortar —— 
Pp 


— wy 


30 130 
10 10 
45 40 
21 120 
13 114 
81 74 
26 122 
14 114 
3 3 
2 2 
+ 
2 
2 
5 4 
4.5] 4 
5 . 
13 
12 12 
5-5] 5 
3 112 
4 13 
d d 
— — 
442 [466 
| 
2d | 2d 
3 1.5 


= 
> 


* 
& 
1 
% 
+04 
4 
be 
8 


that operation would thereby become more difficult, As 
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N. B. The chamber is cylindric, and the bottom a 
ſemi- ſphere; the round part of the mortar is de- 
ſcribed from the ſame center as the bottom of the 
chamber. The letter d in the content of the cham- 
ber and that of the weight of metal, expreſſes the 
cube of the diameter of the bore in inches; that 
is, d 219 in a thirteen inch mortar, and d = 
looo in a ten inch, 

The reader may ſee that the diameter of the bore is 
to be divided into 30 equal parts, for a ſcale to ſet off 
all the reſt of the dimenſions, The ſame ſcale ſerves 
to conſtruct their beds, which renders the whole eaſy 
and uniform, a necefſary conſequence of well ſettled 
principles, 


Remarks on theſe dimenſions. 


We have endeavoured to diſpoſe the metal in ſuch a 
manner, as to make the ſtrength of the parts nearly in 
proportion to the forces which act upon them: at the 
chamber it is ſufficient, though leſs than in moſt mortars 
now in uſe; for the thickneſs of metal there is greater 
than its diameter, which is more than ever has been 
allowed in any braſs gun whatever; it is true that the 
effort alſo is greater, but then an allowance has been 
made accordingly : we made a reinforce, merely to 
comply in ſome manner with the common practice, 
though the mortar ſhould be conical from the chamber 
to the mouth, according to the action of powder, as 
proved before; however, the difference between the 
reinforce and chace is no more than juſt ſufficient to 
admit of an ogce, whereby the mortar looks more 
graceful to the eye; at the mouth the projection is no 
greater than is neceſſary for the mouldings, more would 
be ſuperfluous, and make the mortar top-heavy; be- 


lides, as we ſuppoſe ic capable of being either raiſed or 


depreſſ:d, and not fixed to its bed, as hitherto the cuſtom, 
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to the vent, we do not pretend to determine its true 
place, though we have always found the nearer it was 
to the bottom the farther the ſhell went; but as theſe 
experiments were made with a three inch mortar only, 
no juft concluſion can be drawn from thence with regard 
to larger. 

The cylindric figure of the chamber, is, in my opi- 
nion, the beſt for theſe kind of mortars ; for though 
we have ſhewn that the concave figure, or thoſe whoſe 
entrance was the leaſt, will throw the ſhell fartheſt of 
any with the ſame charge; yet in this caſe, where but 
little powder is required, their entrance would become 
too narrow and inconvenient to clean; whereas when 
they are cylindric, the difference between the advantage 
of the one and the other will be but little, and not 
attended with any inconveniencies. 

Colonel Deſaguliers and myſelf made ſeveral expe- 
riments with different chambers, which contained the 
ſame quantity of powder, and we found that the cylin- 
dric threw the ſhell always farther than any other whoſe 
entrance was larger, and more eſpecially when they were 
not quite filled, We made likewiſe ſome other expe- 
riments, which were, by putting as much powder as 
would fill half the chamber into a cartridge made of 
common writing paper, and when it was put into the 
chamber, ſo as to be cloſe to the ſhel], leaving a vacancy 
at the bottom, it threw the ſhell near twice as far as 
when the cartridge touched the bottom, and the vacancy 
was left between the ſhell and the powder; we repeated 
this experiment ſeveral times, and found always the ſame 
effect. Another remarkable thing happened; I put a 

iece of common writing paper upon the powder, the 


chamber being bur partly filled, and the ſhell went much 


farther than wich the ſame charge when there was no 
paper. Laſtly, we compared two chambers of the {ame 
content, the one cylindrical, and the other conical ; they 
had both the ſame height, and the diameter of the bot- 


tom of the conical one was but half the diameter of 
4 | the 
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the entrance, and when theſe chambers were not quite 
full, the cylindric one threw the ſhell much farther than 
the other, and this happened as often as the experiment 
was repeated. Whoever conſiders theſe experiments with 
ſome attention will find, that we know very little of the 
effects of gunpowder as yet, and that we ought to de- 
pend upon nothing but what has been tried. | 

That our chambers hold a ſufficient quantity of pow- 
der, for any occaſion whatever, has been proved by 
experiments; for I fired a three inch mortar,. with an 
ounce and a quarter of powder, at an angle of elevation 
of 45 degrees, and the ſhell went 1200 yards; and 
fince our mortars are ſimilar to that tried, the powder 
will give the ſhell the ſame velocity ; but becauſe the 
reſiſtance of the air is in this caſe inverſely as the ſhells 
diameters, the three inch ſhell will meet above four 
times the reſiſtance of a chirteen inch ſhell ; from whence, 
and ſome other experiments made upon Woolwich Com- 
mon, with the preſent thirteen- inch mortar, I conclude, 
that the ſhells in our mortar will range about a mile, 
which is more than is wanted ; for when the ranges are 
greater, they are ſo uncertain, and it is ſo difficult to 
judge how far the ſhell falls ſhort, or exceeds the diſ- 
tance of the object, that it ſerves to no other purpoſe 
than to throw away the powder and ſhell, without being 
able to do any execution, 

The firſt of theſe mortars is of the ſame length with 
| our land mortars; the ſecond with the French; but the 
third is ſhorter than either. The reader may eaſily fee, 
that theſe dimenſions are general for any ſize of mortars 
whatever, as all conſtructions ought to be, whereby they 
become all alike z and conſequently one of them being 
found ſtrong enough by practice or experience, all the 
reſt will be ſo too; which can never be the caſe in par- 
ticular conſtructions, as hitherto has been the caſe in all 
countries ſo far as I know, 


To 
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To find the weight of metal. 


The ſq uare of the mean diameter 41 of the 6 
muzzle part, multiplied by 30, gives — | 504.30 
The ſquare of the diameter 44 "of the rein- $48 
force, multiplied by 18, gives —— 3484 
The quare of 34, the chamber part, mul- 68 
tiplied by 34 4, gives — rh 39209 
Four times the trunion 2940, for the trunions 6 
and mouldings — 5 11700 


Sum total in cubic parts of the diameter of 6 

the bore eee 39727 
The content of the bore in like parts is — 44100 
The content of the chamber is _ 20 35 3 


The two laſt ſums ſubtracted from 5g of con- 
tent of the mortar, leaves 
This reduced in the ratio of 452, to 5 
of the ſquare of the diameter to the circle, 1 71152 
gives 
Then as 192 cubic inches weigh 61 pounds 
of metal, we get 
ut as the diameter d is divided into 30 equal parts; 
if we ſay, as the cube of 30 is to the cube d, ſo is 22605 
to the weight of the mortar of the firſt ſort, it will be 


98 


— ——— — 


5 22605 


found to be 2 4 nearly. In the ſame manner are 


found the weights of metal of the other two mortars. 


To find the contents of tbe handers, 


The ſquare of 10 multiplied by the length, reduced 
20 J, gives 2033 in the firſt mortar ; but as the dia- 
meter is divided into 30 equal parts, if we ſay as the 


2033 1 


cube of go is to the cube d, ſo is 2033 to 


we 
27000 * 
get 


1 
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get the cubic parts of the diameter. Nov, becauſe the 
diameter of a cylinder, which holds one pound of pow- 
der, is 3.165, according to Sir Jonas Moor, if we divide 
the laſt number by 31.7, the cube of that diameter, we 


20 | 

ſhall have 7 4, for the content of the chamber; 
| d d 

which being reduced, gives TILE nearly, In the 


| ſame manner are found the contents of the chambers of 
the other mortars. 

In order to compare theſe mortars with thoſe uſed at 
| preſent, we ſhall inſert their weights and charges in the 
following tables. | | 


Weight of the new mortars. 


Diam. 11 10 8 6 


Firſt 16: 1: 10%: 1: 4103: 3: 6:2: 11 


Second c of 
| | 


Third 11:3: o5:1: 12:2: 2% : 0: 13 


Weight of the powder. 


Diam. 0 | 8 8 4 
Firſt „ 2: 1 3 8. 2 
Second | , : „ 1 4 275 8 
Third 1 2.4 


Weight 
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( 


Weight of the preſent mortars. 


*** „ „ 2 0 


Diam. | 13 2 8 | 4-6 
Wit. [25:0:0 00-72: 15 420: 101: 1:00:30 
Cham. [os 4:0: 0] 2:0:10!11:0:00:8:0 


Hence if we compare the weights of our mortars with 
thoſe of the preſent ones, we ſhall find the difference be- 
tween the 13 inch to be, 8: 2: 18; between the 10 
inch, 3: 0: 15, and between the, 8 inch, O: 1:4. 
Now as the difference between the weights of the 13 
inch mortars, is much greater than between any others, 
it is evident they are much heavier in proportion than 
they ought to be, in reſpect of the ſmall ones; it ap- 
pears therefore, that no true proportion has been ob- 
ſerved in their conſtruction. f 

Though our mortars are ſo much lighter than the 
preſent ones, yet I may affirm, they are equally ſtrong, 
becauſe they are as thick at the chamber as they need be; 
and at the muzzle, or where the lcaſt thickneſs is, ours 
are ſtronger z for the 8 inch mortar is but an inch in 
that place, whereas ours is 1 inch and a third; the 10 
inch, is 1.6 inches thick, ours 15; and as to the rein- 
force, it is loaded with more metal than it need be, 
ſince the force of powder is very little more there than 
at the muzzle, But the difference between the weights 
ariſes chiefly from the chambers, which are both wider 


and longer in the preſent mortars than in ours, and there- 


fore they require more metal. 


General Dimenſions of howitzes. Fig. 11. 


Diameter of the bore, — 20 | 30 30 
Length of the bore, —— —— 90 90 97-5 
Diameter of the chamber, — 15} 15 15 


Length 


eee r moto. nmimns 


999 wy 


AML. — 
Length of the chamber, — 331 33 | 33 


From the muzzle a, to the rein- 
force b, — — 301 50 | 54.5 
Length of the reinforce be,. —— 34 34 | 37 
From the reinforce c, to the end | | 
of the howitz, — 50| 50 | 30 


Total length of the howitz, 134 | 134 | 141. 5 
Thickneſs of the metal at the | 
muzzle, — — 81 7 8 
Thickneſs near the reinforce, ——> 9 8 9 


Thickneſs at the reinforce, —— 10 9 | 10. 


Thickneſs at the chamber, 191 $51 $8 

Breadth of the muzzle and baſe | | 
ring, fillets included, ——— 5 5 5 

Breadth of the ogees, that behind | 3 
the reinforce excepted, 3.53.5 1 3. 


Diſtance between the muzzle and 

breech, ogees and aftragals, — 6 6 7 
Breadth of the aſtragals and fillèts, 3 3 
Breadth of the ogee behind the re- ä 


inforce, 6 6 
The muzzle and baſe ring project | ; 
the metal by  —— 1.51.5 | 1-5 
Length of the trunions — —— 18| 18 | 428 
Diameter of the trunions — 18 15 15 
Diſtance of the trunions from the a 
fore end of the reinforce, — 5 5; 5 
dj 4 | 4 


Thechamber contains powder, —116 | 216 | 116 
Weight of the howitz, 2.25d | 1.974 | 2. 4d 


The caſcable is 24 parts long, the radius of the but- 
ton 8, the ogee and fillet included 4. 
The reader may obierve, that for want of room in the 
plate, the button could not be marked, which he may 
ay ſupply from the given dimenſion in 8 man- 
ner as in guns. 
h | G The 
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The dimenſions of the firſt howitz are nearly the ſame 
as thoſe of the preſent, the chamber part excepted; the 
rein ſorce is not fo ſtrong as it is commonly made, with- 
out any ground or reaſon, becauſe the force of exploſion 
acts but very little more there than at the muzzle. The 
dimenſions of the ſecond are leſs, and yet J am per— 
ſuaded ſufficient; for a 6 inch howitz is an inch and . 4 
thick near the muzzle, whereas the preſent 8 inch mor. 
tar is barely an inch in that place; for which reaſon [ 
would prefer the ſecond ſort before the firſt, becauſe 
there can he no reaſon aſſigned to load them with more 
metal than is neceſſary. 

The third ſort is a quarter of the bore's diameter 
longer than the other two, and the reſt of the dimen- 
ſions the ſame as the firſt ; hence the artilleriſt is left to 
his choice to uſe which he likes beſt. 


Weight of the howitzes and powder. 


I 3d, 47: O: 72121214 10: 3:13 4: 2: 6 


Powder, 18315: 0 8:9:14 4:6: 9 [1:13:12 


Weight of the preſent howitzes and powder, 


Bore, 1 Bae 


Weight, 


24. :.3.:.20.1 22::.14-:6. 40; 18 


Famer... 118-0 a: 4.:0::0:.14:0:.0 
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From theſe tables of the weights of howitzes, we ſee 


that the preſent 10 inch weighs about one third more 
than it ſhould do in reſpect to the 8 inch, for the weights 
| ſhould be in proportion to the cubes of the diameters. 
Now the cube 312, of 8, is to the cube 1000, of 10, 
as the weight 12: 1: 6, of the 8 inch, is to the weight 
24: © : 3, which ſhould be the weight of the 10 inch. 
Whence it evidently appears, that no better propor- 
tions have been followed in conſtructing howitzes than 
| mortars. -. 


This ſuperfluous weight of the 10 inch howitz has oc: 


caſioned its diſuſe, at leaſt theſe 25 years; whereas, by 
| obſerving a due proportion, and ſuch as our ſecond fort, 
not only a 10 inch but even a 13 inch might have been 
uſed, if it had been thought proper. It may be obſerved 
again, that though ours are ſo much lighter than the 
| others, they are full as ſtrong, becaule the metal is better 
| diſpoſed over all the parts, and there is not that uſeleſs 
| lump at the muzzle, reinforce, and trunions, as in 
thoſe made at preſent. 


It is to be wondered that no greater uſe has hitherto 


been made of howitzes, ſince the ſhells may do execu- 
tion likewiſe as ſhots, and beſides grapes of ſhots, or 
ſhells, might be fired out of them to more advantage 
than out of guns, eſpecially in a ſiege where the diſtance 
is but ſmall ; and in the field, if they were placed in 
the flanks, or between the battalions ; the terror they 
| would cauſe, eſpecially amongſt the horſe, by rolling 
| amongſt the ranks with the fuſe burning, and the ex- 
pectation of their . burſting every moment, would diſ- 
| order the braveſt men, by means whereof they might 
eaſily be broke, and the day thereby won. 


In a ſiege where the works are not lined with walls, or 
when the walls are onee battered down by cannon, there 


can be no ſpeedier way to complete the breach than by 
firing ſhells into them; for they will lodge in the earth, 


and when they burſt will produce the ſame effect 
as mines. This practice has been recommended by 
G 23 - St. Remy, 
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St. Remy, and the French followed it in the ſiege of 
Bergten-op-200m, where they chiefly uſed mortars, mounted 
upon field carriages for that purpoſe; beſides, when you 
are pretty near the enemy's works, grapes made of ſhells 
will do wonderful execution, as I have been aſſured by 
ſome artillery officers, who have tried it, and found that 
all the fufes took fire. | 

As howitzes are eaſier carried from one place to an- 
other than mortars, which require alſo a good deal of 
time to prepare the ground, to lay the beds, and mount 
them, the uſe of the former would be more convenient 
than the latter in all caſes, except in throwing ſhells 
upon powder magazines. It may be obferved, that the 
wheels and axletree of the prefent ro and 8 inch howitz 
carriages, are of the ſame ſtrength as thoſe of a 24 and 
18 pounder's carriages, without any judgment or rea- 
ſon. For pnce the wheels of an 18 pounder's carriage 
fupport a weight of 48: © : o, Which is juſt four times 
the weight of the 8 inch howitz, there is not the leaſt 
proportion obſerved between the weight and the ftrength 
ro ſupport it; it is true, that an 8 inch ſhell is heavier 
than an 18 pound ball, but when it is confidered that the 
force of the ſhell affects the carriage in its recoil only, 
and not at all the wheels; this can be no reaſon for 
making them ſo ſtrong as has hitherto been the cuſtom. 


As theſe mortars are generally fired at a much greater 
diſtance than ever is required by land, they are made 
ſomerhing longer and much heavier than the land. 
Their proper dimenſions can only be determined from 
their charges of powder. The chamber of the preſent 
13 inch holds 32 pounds of powder, though the late 
General Bongard told me, he never made uſe of more 
than 12 pounds, and as he had more experience in that 
ſervice than perhaps any other, we may depend on * 
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he ſaid ; beſides, ſome very expert offigers employed in 
the late war aſſured me, they never exceeded the charge 
of 15 pounds. Now, as this chamber is never half filled, 
the powder won't act fo forcibly as if there was no 
vacant ſpace between the charge and the ſhell ; it is 
therefore plain, that a charge of 12 or 15 pounds of 
powder at moſt will be ſufficient ; beſides, this cham- 
ber being conical, and its greateſt baſe two thirds of 
the diameter of the bore, leſſens the force of powder 
conſiderably, and more ſo when not filled, as Colonel 
Deſaguliers and myſelf found by ſeveral experiments 
made with ſuch a chamber, and compared with a cy- 
lindrie one of the ſame content. This being an un- 
doubted fa&, the following dimenſions will, I may ven- 
ture co affirm, be ſufficient in all reſpects, 


General dimenſions of ſea mortars. Fig. 10. 


a 


Diameter of the bore divided into — — 30] 20 
WE Length of the bore, PI _— 2/6 75 
Diameter of the chamber, — — 151 15 
e Length of the chamber, — — 33] 33 
From the end of the chamber to the end of | 
the mortar, — — — 20 20 
Total length of the mortar, — 2128 128 
From the muzzle a, to the the reinforce b, 43 43 
| Length of the reinforce be, — — — 28 28 
WF Thickneſs of the metal at the muzzle, mould- | 
. ings excepted, — — — 8 — 
5 near the reinforce, — 9 
Thickneſs of metal at the reinforce, — 10 


( muzzle ring and fillets, — 4 
| Breadth of the q ogee next to it, and of that 
before the reinforce, — 3 
Diſtance from the ogee to the muzzle altra- | 
gal, — — — 6 


G 3 


7 

8 

Eee | 

at the chamber, — 46 | 3b 
4 

3 

6 
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aſtragal and fillets, — 
Bre dth of the ogee behind the reinforce, 8 | , 
The muzzle ring projects the metal, by —1.5 | 1.5 
Diameter of he trunions, — — 18 18 
Length of the trunions from the mortar, — 7 * 
The content of the chamber, — —126 | 126 
Weight of the metal, _ —2.14 | 1. 84 


The arcs which determine the round part of the 
mortar are deſcribed from the ſame center which de- 
termines the bottom of the chamber : the weight of 
metal, and that of the powder which the chamber con- 
tains, "have been found in the ſame manner as in the 
guns, allowing four times the value of one trunion for 
the trunions and mouldings. 


IWeight of ſea mortars and powder, 


Diameter of the bore, Wk: 10 
preſent ſea mortars, 8 1: 1: 1832: 3: 7 

Weight ofꝗ the firſt new mortar, 41:0: 2918: 2: 19 
the ſecond, * 2116:0: 7 
preſent mortars, 32: 0: 012: 8: of 

Powd.cont.ing de. mortars, — 17:7: of 8:0: 0 


The enormous weight of the preſent [ 3 inch mortal 
roceeds (rom the antieut notion, that thoſe pieces whici 
throw a ſhell fartheſt are the beſt ; for which reaſon the 
artiſt imagined, that the heavier they were, the farthewl 
they would carry. But by the account of all thoſe ar 
tillery officers. whom I have converſed with, and wh 
have been employed in that ſervice, the ſhip or bomb 
ketch is not able to bear the ſhock of thoſe mortar 
when loaded with their chambers full of powder; an 


conlequently it is ridiculous to make them ſo heavy. 
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The firſt of the new mortars is as ſtrong at the muzzle 
as the 10 inch preſent one, and conſequently ſtrong 
enough upon all occaſions; and I may venture to 
affirm, that the ſecond ſort is ſo too; ſince it is above 
twice as ſtrong as the land. With regard to the ſize of 
our chambers, we have ſhewn before, that they never 
uſe above 15 pounds of powder in bombarding z we 
have hkewiſe proved in the theory of powder, as well as 
by ſeveral experiments, the great advantage a cylindric 
chamber has over the conic when the greateſt baſe is 
uppermoſt, ſo that there cannot remain the leaſt doubt 
but that our chambers are full as large as they need be 
on any occaſion, 

It may appear ſtrange to ſome of my readers, that 
mortars ſo much lighter than the preſent ſhould be near 
equally ſtrong. I account for it in this manner, their 
chambers are near twice as long as ours, and as the 
thickneſs is very great in that place. there muſt needs be 
a great deal more metal there than is neceſſary; the ſame 
thing may be ſaid with reſpe& to the reinforce part, 
which without any reaſon is made about twice as ſtrong 
as the muzzle part; though the force of exploſion is 
nearly the ſame in both places. This was never con- 
ſidered in the conſtructions of old mortars, 

In the bombarding of Havre de Grace, the mortars 
were fired quick and with a full charge, by which they 
were ſpoiled and rendered uſeleſs in a ſhort time; for 
the vents grew fo large, and the metal melted in the 
chambers, that it would have been dangerous to fire 
them any more, and ſo were rendered entirely uſeleſs. 

It has been obſerved both in guns and mortars, that 
the great thickneſs of meta], inſtead of being an advan- 
tage, renders them ſooner uſeleſs. For at the battle at 
Lafeldt ſeveral 6 pounders, that weighed 1900, were 
ſpoiled, and the light, which weighed but 4: 3: o, 
received no damage; and our ſea mortars generally 
fail when much fired with great charges; whereas the 
land,” which do not weigh one third of the others, 
ſcarcely 


* — * 
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ſcarcely ever fail: the reaſon of this is imagined to be, that 
thin. metal heats not imperceptibly ſooner than thicker, 
and cools much ſooner 3 and when thick metal is once 
much heated requires a longer time in loading, and con- 
fequently accumulates the heat to ſuch a degree as to 
make it incapable to reſiſt the ſhock of the fire, This 
is confirmed by experience, 


Plate IV. Fig. 22, 


The following mortar with a concave chamber is, I 
think, preierable to the two former; the baſe a b, or 
c d, is ten parts; the diſtance between the lines a b, and 
ed, is 26 parts; and its greateſt tranſverſe diameter 20; 


the thickneſs of metal at the chamber is 16 parts, as be- 


fore ; the outſide form is ſimilar to that of the chamber, 
and all the other dimenſions are the ſame as thoſe of the 
firſt of the two preceding mortars. This mortar will 
weigh 8 as much, and its chamber contain the ſame 
quantity of powder as the firſt; but as the entrance of 
it is to that of the former, as 4 to 9, the powder will act 

with a greater force; for which reaſon it is preferable. 
As the entrance is wide enough to introduce the hand, 
and clean it without any inconveniency, it may be loaded 
with as much eaſe as any other ; whereby we avoid the 
— made by ſome againſt theſe kinds of cham- 

rs. | 

As to the placing the vent both in guns and mortars 
in the beſt manner, I muſt confeſs it is beyond my 
knowledge; and it appears to me, that nothing but ex- 
periments can determine it; for thoſe I made with two 
ſmall! mortars appear ſo contradictory to theory, and the 
notion we, have in reſpect to the exploſion of powder, 
that Jam more uncertain than ever; and it is very 
probable they will vary more in thoſe of larger calibers, 
for which reaſon we leave it undetermined, I ſuppoſe 
it, in all the preceding draughts, pretty near the end vf the 
chamber ; 


— — 


AR TILL E R X. 89 


chamber; becauſe the few experiments I made ſhewed 
that to be the beſt place in ſmall mortars. 


SHELLS, Plate IV. Fig. 14. 


As the dimenſions of ſhells are undetermined, and no 
proportion obſerved therein, nor is it known how much 
the thickneſs of the bottom ought to exceed that at the 
fuſe hole, ſo as they may burſt in the greateſt number 
of pieces, we have in the following dimenſions obſerved 
the proportions of the preſent 13 inch ones; ſo that if 
they are 8 we are certain that ours will be ſo 
too; but if it ſhould ſo happen, that the ſhell of 
any other caliber is found to have a better proportion 
than that we have made uſe of, the general dimenſions 
may eaſily be made in the ſame proportion, by ſaying, 
the diameter of the ſhell is to 30, as any part expreſſed 
in inches, is to the ſame part, expreſſed in parts of the 
diameter divided into 30 equal parts, 


of the bore,.wayͥ r — 30 3 
Diameter Jed of the ſhell, —— — 29.5 


of the hollow ſphere, — — 20+ 1 
of metal at the fuſe hole. - 
Thickneſs at the bottom or oppoſite part — - - : 


Diameter a b of the fuſe hole, 


The weight of the ſhell unloaded, —— Ii. 7 


Weight of the powder the ſhell contains — 236. 5 


The fuſe hole is conical, and when produced, ter- 


minates at the extremity d of the diameter c d, which 
paſſes through the center, 


There are two handles of hammered iron fixed in the 
mould when they are caſt, which faſten to the ſhell, and 
ſerve to lay hold on when the mortar is to be loaded 
thereby, as like wiſe to carry them from one place to ak 

Other. 
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other. In France theſe handles are caſt iron; but this 
renders them clumfier, and hable to break ſooner than 
the others. The letter 4 ſtands here for the cube of the 
diameter of the bore, as well as in the conſtruction of 
mortars, : 

Two reaſons are given for making ſhells thicker at 
the bottom thamat the fuſe. hole; one is, that they are 
thereby better enabled to reſiſt the ſhock or impreſſion of 
the powder that diſcharges them; the ſecond, that the 
ſhell always falling with the heavieſt part undermoſt, 
the fuſe will of courſe be uppermoſt, and therefore will 
not be extinguiſhed by its fall. Both theſe reaſons are, 
in my opinion, of no conſequence; for if the ſhells 
were every-where equally thick, and of the ſame weight 
as thoſe above-mentioned, the blaſt of powder lodged 
in the chamber would hardly be able to break them; 
and as to the fuſe falling uppermoſt or not, that is of 
no detriment, ſince the compoſition of fuſes is ſuch, 
that nothing but an abſolute ſtoppage from the air is 
able to choak them; for they burn in water as well as 
any other element; for which reaſon I would make 
them every - where equally. thick, becauſe they would 
then burſt into a greater number of pieces. But to be 
certain, it would be eaſy to make the experiment. 

The quantity of powder they ought to be filled with, 
ſo as to Burſt into moſt pieces, is not known ; but molt 
artilleriſts agree that they ſhould not be quite full; and 
Colonel Deſeguliers, after having made ſeveral experiments, 
imagines, that two thi ds of the weight which would 
fill them is the quantity they ſhould be loaded with. 


Weights of the preſent ſhells and powder. 


8 


— — — . 


91216 


13 


— - — — 


I:2: 15 


—— — — — 


. 
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Moigbis of the new ſhells and power. 


Bore, 13 10 8 5. 8 4. 6 
We. fi: 2 130 27,0 1 140: 0: 160: 0: 8 
Powd. (9:4: 84:3: 10'/2:2:10/0:13:3/0:6:9) 


It is to be obſerved, that the windage of the preſent 
ſhells is a quarter of an inch, let them be great or ſmall, 
which is contrary to all reaſon ; whereas we allow 
part of the bore's diameter, which is ſomething leſs in a 

13 inch one, and decreaſes in proportion to the ſhell's 
diameter; whereby our ſmall ſhells become ſomething 
heavier than the preſent. 

There 1s another kind of mortar which ſerves to fling 
ſtones into an enemy's works, when near at hand; ſuch 
as from the town into the trenches in the covert way, or 
upon the glacis, and from theſe rrenches into the town, 
or ravelins. As we have none of that fort here, I ſhall 
give ſuch dimenſions as agree nearly with thoſe men- 
tioned in S. Remy, whole diameter is 15 inches. 


Dimenſions of ſtone mortars. Fig. 13. 


Diameter of the bore, 
Length of the bees: 3 


chamber, — — 1 


| 


Its greateſt diameter 8 
Its leaſt diameter, 6 
Diameter of the cylindric part to hold a 

wooden tapeon, — I4 
Depth or axis of that cylinder, —— —— 3 
From the muzzle to the reinforce — 20. 3 
Length of the reinforce — mma — 8 


Thickneſs 
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muzzle, — — 


7.9*'5 
Thickneſs of the metal at the) chamber bol. — Ig 
entrance of the 
chamber, — 6 
The chamber enters into the trunions, by — 2 
Diameter of the trunions, — 40 
Length from end to end of the trunians, —— 40 
muzzle ring and fillets, —— 3 
Breadth of the chamber belt, — — — » 
Ich next to this belt,. 3 
| ——ů — 
Content of the chamber, — 1102 


Weight of the metal contained in this mortar, 3. 1 


The bore is terminated by two quadrants of & cirele, 
terminated by the reinforce and lines drawn fram the 
ends of the cylinder made to lodge the tapeon parallel 
to the axis of the mortar ; and the round part on the 
outſide are arcs deſcribed from centers, taken in the line 
which terminates the reinforce, and ſo as to meet the 
extremities of the belt. The bottom of the conic cham- 
ber is terminated by an arc of 60 degrees, and the round 
part of the outſide is a ſemicircle, | 

Thus a 15 inch ſtone mortar weighs 10: 3: 4, and 
the chamber contains 3 pounds of powder; this agrees 
very nearly with the Freych mortar of the ſame ſize, 
which weigh 1000 pounds, When it is conſidered that 
we made the chamber part ſtronger than theirs, we con- 
ceive that this mortar may likewiſe ſerve to throw 
baſkets full ot hand-grenades, which will be much more 
dangerous to an enemy than ſtones. 

The reader may eaſily perceive, that the conic cham- 
ber is very proper here in this caſe, as a great force is 
n-tſo much required as the extent of that force againſt 
the tapeon, for fear it might break it in the middle. 

| The 


See eee eee e * 
2 4 *. _— eee — _ * e . 
„ ETIEY 0 : TOY : 


* 
r w__ 
l 
L 
i 
* 
* 
* 
i 
* 


92 ARTILLERY. 


Muzzle, — — 
reinforce, —— 
chamber belt, — 
entrance of the 
| chamber, — 
The chamber enters into the trunions, by — 
Diameter of the trunions, 
Length from end to end of the trunians, —— 

muzzle ring and fillets, —— 


Breadth of thee chamber belt, — — —- 2 


Thickneſs of the metal at the 


WR — 


ogee next to this belt, — 3 
| — — 
Content of the chamber, — 1102 
8 — 


Weight of the metal contained in this mortar, 3. 1 


The bore is terminated by two quadrants of a cirele, 
terminated by the reinforce and lines drawn fram the 
ends of the cylinder made to lodge the tapeon parallel 
to the axis of the mortar ; and the round part on the 
outſide are arcs deſcribed from centers, taken in the line 
which terminates the reinforce, and ſo as to meet the 
extremities of the belt. The bottom of the conic cham- 


ber is terminated by an arc of 6o degrees, and the round 


part of the outſide is a ſemicircle, 
Thus a 15 inch ſtone mortar weighs 10: 3: 4, and 
the chamber contains 3 pounds of powder; this agrees 
very nearly with the Freuch mortar of the ſame ſize, 
which weigh 1000 pounds, When it is conſidered that 
we made the chamber part ſtronger than theirs, we con- 
ceive that this mortar may likewiſe ſerve to throw 
baſkets full ot hand-grenades, which will be much more 
dangerous to an enemy than ſtones. 
The reader may eaſily perceive, that the conic cham- 
ber is very proper here in this caſe, as a great force is 
n.tſo much required as the extent of that force againſt 
the tapeon, for tear it might break it in the middle. 
The 
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The form of the bore at the bottom being different from 
that in other mortars, is likewiſe adapted here to the 
bodies to be thrown out of it; baſkets are made to fit the 
bottom of the bore, which, when filled, are let into the 
mottar by means of two handles, in order to load it 
quicker, The ſtones generally made uſe of upon this oc- 
caſion are pebbles the bigneſs of a man's fiſt, and as 
found as can be found. But as we ſaid before, hand- 
grenades or ſmall ſhells made for that purpoſe, of about 
two or two and a half inches diameter, will anſwer the 
purpoſe much better than ſtones. This has been prac- 
tiſed at Bergen op oom with a common mortar, and ſuc- 
ceeded to the ſatisfaction of the artillery officers who 
tried the experiment, 

Having thus given general conſtructions for mortars 
uſed on all different occaſions either by fea or land, it re- 
mains to ſhew in what the uſe of howitzes differs from 
that of common mortars ; as they are carried upon gun 
travelling carriages, they are eaſily tranſported in the 
field from one place to another, and are more readily 
fired than the others; they have likewiſe another ad- 
vantage, which is, that they may be laid to any eleva- 
tion, whereas the common mortars are fixed upon their 
beds at an angle of 45 degrees, whereby they are not ſo 
uſeful in a ſiege : for the ſhells thrown into the works, 
either from the trenches into the fortification, or from 
the fortification into the trenches, ſhould always be di- 
rected in a leſs elevation than 45 ; and when they are to 
be throwh upon powder magazines, or any other build- 
ing, with an intention to deſtroy it, the elevation ſnould 
be greater, in order that they may fall with more force. 

All theſe conſiderations ate ſeeming advantages in fa- 
vour of the howitzes ; but if we conſider that a 10 inch 
howitz weighs conſiderably more than a 13 inch mortar, 
and an 8 inch one more than a 10 inch mortar, it is 
eaſily perceived that the uſe of howjrzes is not fo ſuperior 
to that of the common mortars as is imagined by moſt 
artilleriſts. As to the different degrees of EO 1 

whic 
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which they may be directed, it is a property that mortars 
ought to have as well as they. For there is not the 
leaſt occaſion to fix them on their beds ſo as not to be 
moved, ſince no nation but this does it; nor to laſh 
them on their beds with ſo much cordage, as if their 
weight was not ſufficient to keep them in their ſituation. 
The reaſon given for this practice is, that if they were 
not laſhed to their beds they would kick up before, and 
fall backwards, which is trifling, and inconſiſtent with 
the rules of mechanics; beſides the French mortars, 
which are much lighter than ours, and are not tied, 
never overſet; and as no nation makes more uſe of 
them than they do, it is very improbable they ſhould 
neglect a thing of that kind if there was any. neceflity 
for it. 

As to the advantage of carrying howitzes upon tra- 
velling carriages, it is as inſignificant as the reſt, ſince 
no reaſon can be given why mortars may not be carried 


in the ſame manner. That this may be done, appears 


from the practice of the French during the laſt war. 
But what will not people do to ſupport an old cuſtom 
let it be ever ſo abſurd ? 7 [50877 


r 
Conſtruction of ſhip and travelling carriages. 


| T HERE are three different forts of gun carriages ; 


namely, thoſe uſed in garriſons, at ſea aboard 
ſhips, and in the field. The two firſt differ only in ſome 
Iron rings, and alſo that the trucks or wheels of gar- 
riſon carriages are made of caſt iron; whereas thip 


carriages are of wood; but the reſt of the conſtruction 
is the ſame. _ | | 


| Conſtruct ion 
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Conſtruction of ſhip and garriſon carriages. 
Plate V. Fig. 18. 


In a line A B, take two points C, D, ſo as their in- 
ter val be equal to the diſtance from the center of the 
trunions to the extremity of the breech, that is, equal 
to three ſevenths of the gun's length; through theſe 

ints draw two lines at right angles to AB; in thefirſt 
take C E, C F, each equal to half the diameter of the 
ſecond reinforce ring; and in the ſecond DG, D , 
each equal to half the diameter of the baſe ring; then 
the lines drawn through the points E, G, and F, H, 
will determine the width within of the carriage. 

If to theſe lines there be drawn two parallels at a cali- 
ber's diſtance, they will determine the breadth of the 
ſide pieces; and by ſetting off from D to B, the length 
of the caſcable, and from C to A, half the diameter of 
the trunions and half the diameter of the fore trucks; 
then will A B be the length of the carriage. | 

The line E F paſſes through the center of the tru- 
nion holes, which are a caliber, and whoſe center is a 
quarter of an inch below the upper ſurſace of the fide 
pieces. On each fide of G H ſet off 6 inches for the 
breadth of the axletree, which is always 12 inches 


. broad; and the fore part of the trunion holes is the 


center line of the fore axletree, whoſe dimenſions, as 


well as thoſe of the trucks, are given in the following | 


table, 


Fig. 16. 


The height of the ſide pieces is 44 diameters of the 
ſhot before, and half that height behind; and if half 


the length of the ſide pieces be divided into four equal 


Parts, beginning at the hind end, you will have the. 


ſteps; the quarter-round is taken from the fore part. 
The lower part of theſe pieces is hollowed in the form 


3 of 


ARTILLERY, 
of a circular arc, in order to make them ſomething 
lighter without diminiſhing their ſtrength. Both axle- 
trees are ſunk into the 4ide pieces in the manner repre- 
ſented in the 17th figure; and as to the tranſom, we 
chuſe to place it directly over the fore axletree, it is a 
diameter of the ſhot broad and two high, and placed ex- 
actly in the middle of the height of the ſide pieces; 
though it is cuſtomary to place the fore part in a line, 
paſſing through the center of the trunion holes, and ſo 
as to project the axletree by an inch, and the lower edge 
to touch the axlætree. 
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Dimenſions of ſhip and garriſon carriages. 
5 


23. 523. 522. 521. 519. 
6 
10. 81 
8 
2 
2 


5 
8.806 


8 
h, —— — 16. $| 10 


6. 
12 


42 
57 


j 


| 
| 


— - 
6 
J7³ 
6 
E 


F 


before 
behind — 
diameter, — | 16 


breadth, ——| 5, 
breadth, 


re axtletree length — —— 


9 


F diameter, — 19 
height before, 26. 
breadth, 


length, 
Trunions from the head. 


{ 
f 


length, —— — 35. 

height, — — 10. 

breadth, — — 
adth, 


len gt hy 


height 


diameter, — 6.2 
Bre 


axletree length, —— 57 


: lengt 
Hind 
Body f 


Nature of the gun. 


Width incloſed 


Fo 
Fore trucks, 


8 


Body ; 
Hind trucks, 


Arms 


— 


Side pieces f 


Theſe 


Theſe dimenſions are expreſſed in inches and deci- 
mals; and as the arms of the hind axle-tree have the 
ſame dimenſions as thoſe of the fore ones, they have 
been omitted, as well as the height behind the fide 

jeces. 

It may be obſerved, that theſe dimenſions were uſed 
in 1748; but if the guns are made different from thoſe 
at that time, the length and width of the carriages will 
likewiſe differ. The height of the ſide pieces and the dia- 
meter of the trucks depend on the height of the port- 
holes in ſhips from the deck. Thoſe of the lower tiers 
ought to be ſuch, that when the breech of a gun lies 
upon the hind axle- tree, the muzzle of the gun ſhould 
touch above the port-hole, in order that it may not puſh 
the ſhutter open when the ſhip rolls in ſtormy weather. 


General conſtrufticn of carriages for new guns, 


We ſuppoſe the diameter of the ſhot to be divided 
into 24 equal parts, as in the conſtruction of the gun, ſo 
that the guns and their carriages may be conſtructed by 
the fame ſcale ; which is both more methodical and eaſier 
for the reader and the artillereſt. 

This being ſuppoſed ; take C D equal to 6 diameters 
of the ſhot and 10 parts; and CE, CF, each equal to 
34 parts, as likewiſe DG, D H, each equal to 39.5 ; 
the breadth of the ſide pieces is a diameter or 24 parts; 
D g to a diameter and 12 parts; AC to 2,5 diameters. 
The breadth of the fore axle-tree is 30 parts, its length 
6+ diameters ; the length of the arms 44 parts, and 
their diameter 24. In the elcyation, the height before 
of the ſide pieces is 44 diameters, and behind half that 
| height; the height of the fore axle-tree is 42 parts, that 
of the hind one 30; the bed bolt paſſes under the middle 
| of the fourth ſtep, and even with the laſt or hind ſtep. 

I.) be breadth of the wooden trucks is always equal to 
| that of the ſide pieces, which is here one diameter or 
| 24 parts; the diameter of the fore ones 4 diameters, 
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and that of the hind 3 diameters and a half : but we have 
obſerved before, that if the port-holes in ſhips are made 
higher or lower, theſe diameters muſt be increaſed or 
diminiſhed. 1p 

The French make uſe of a cartiage on board of ſhips 
with two trucks before only, and are preferred by many 
officers to thoſe of 4: I had ſome of them made, which 
ſeem to anſwer very well; they are nearly of the ſame 
height before as the common; but to leſſen the great 
height of the ſide pieces, the trucks are made of a larger 
diameter ; they have no ſteps, and behind have a tran- 
ſom for the ſtool-bed to reſt upon inſtead of the body of 
the hind axle-tree. Theſe carriages do not recoil 
ſo much, and are more readily pointed, becauſe the 
trucks are not tight to their axle-tree. When they are 
traverſed but a little, the carriage will move without the 
truck, and then fall back again ſo ſoon as the hand- 
fpike is taken away. | 


The French garriſon carriages are made much in the 


ſame manner; but the trucks are made larger and of 
ſeveral pieces, and have a trail like travelling carriages, 
but much ſhorter, 


* 


Fig. 17. 


This elevation ſhews the inſide of the ſide pieces, with 
ſome of the irons, not elſe to be ſeen, and the manner we 
would have the ſide pieces let into the axle-trees, which 
is more ſimple, and yet equally as ſecure as the com- 
- mon manner, as likewiſe how the tranſom is to be 
placed, and not obliquely as the cuſtom is. The reſt 
of the figures in this plate ſhew the plans and elevations 


of the axle-trees and the ſtool-bed, as well as the tran- 


ſom. 
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Irons for ſhip carriages, 


a. Cape ſquares, — — 2 
b. Eye bolts, — - — — 2 
c. Joint bolts, — — 2 
d. Tranſom bolt, — Ws 1 
e. Bed bolt, 3 n 
f. Bracket bolts, — — — — 2 
g. Hind axle- tree bolts, — — 4 
h. Breeching bolts with rings, — — 2 
k. Burrs, — — — 2 
l. Loops, — — — 6 
m. Dowel pins, — — — 4 
n. Square rivetting plates, ———— — 8 
p. Rings with keys, — — 10 
q. Traverſing plates, — — 2 
r. Linch pins, — — 4 
8. Axle-tree hoops, — — 
t. Axle- tree ſtays, — — 2 
w. Keys? chains, and ſtaples, —— — 2 
x, Stool bed bolts with rivetting plates, — 2 


The garriſon carriages have the ſame irons, excepting 
the breech rings, and their trucks are of caſt iron ; for 
which reaſon their axle-trees have copper clouts under- 
neath, to diminiſh the friction of the iron againſt the 
wood. | 


Of travelling carriages. Plate VI. Fig. 19. * 


Previous to theic conſtructions, it is neceſſary to men- 
tion the names of the ſeveral parts they are compoſed 
of, which are as follows. The long fide pieces QP, 
RS, are called the Cheeks; the fore part Q R of the 
carriage, the Breaſt; and the hind part P'S, the Trail ; 
T, the Trail Tranſom; V, the Center Tranſom; X, 
the Bed Tranſom ; and Y, Breaſt Tranſom ;' GH, the 
H 2 Bod 
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Body of the Axletree; m, n, the Trunion Holes; and 
w, the Pintle Hole. i 


Dimenſions of the preſent cheeks, 


— 


Nature of the gun, „ — 24 | 12 | 6 | 3 | 
Length of the cheeks, - ——— ſz |: | | 
Thickneſs, — — — —— . 4.6 ;.6 ; 
Height of the plank, — — 22 [19 116 [13 
| before, — —— 20 17 14 11. f 
Height of the cheek q center, —— — —— [17 |i5 12 | 9.5 
trail, — — 2 [11 110 | 7.5 
Head from the center, — — — 74 559 6 551. 5 
Length of the trail, —— — — — {15 fl 2 10 
Axle irees. 
Nature of the gun. 24. 12. 6 "3 | 
| length, — — — 8 539 40 40. 5 
Body, F — — — — 17 [6.5] 6| 5.5 
. height, — gy .; 87.5 
7 length, — — — 21 420. 5 19 [1.5 
Arms, 8 body diameter, — — 17 [6.5] 6] 5.5} 
linch diameter, - ——} 5 4. 5 44 3-5 
Total length 81 180 78 (756 | 


VM. B. The under part of the axletree ſhould be in 
— one continued right line, as we have ſhewn in 
our Elements of Mathematics. 


All the dimenſions in the preceding tables are in 
inches and decimals, except the length of the cheeks, 
which are in feet. 


Confirufion of travelling Carriages, Plate VI. Fig, 18. 


Let A be d be the plank, and AB the height be- 
fore of the cheeks ; ſet off from B to C the ſum of the 
head A B, and the diſtance from the hind part of the 


trupzons 


e . ——— BS 
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trunions to the extremity of the caſcable; then from the 
point A as center, deſcribe an arc C D through the 
point C, on which as a chord ſet off the height at the 
center, and draw the lines AD, BC. On BC take 
B E, equal to the head A B, and towards the head 
Er, rS, each equal to half the diameter of the trunions, 
ſo that E S will be the width of the trunion hole, whoſe 
center is about a quarter of an inch below the line B C. 
From the point r draw r F, perpendicular to AD; in 


AD take F H, equal to the breadth of the axle-tree, 


which is ſunk about an inch into the cheeks. On the 
fide FH make a ſquare, and from the interſection I of 
diagonals, as center, deſcribe an arc, with a radius of 
29 inches, or equal to the radius of the wheel ; this arc 
will repreſent a part of the wheel. Then if a ruler be 
laid ſo as to touch this arc, and cut the plank in two 


points M, L, ſuch that the diſtance ML be equal to the 


length of the trail, and you erect at theſe points two 
perpendiculars MN, L O, to K M, each equal to the 
height of the trail; by drawing the lines C N, N O, 


and D M, you will have the hgure ABCNOLDA. 


of the cheek required. 

The part M P is made round, that the carriage may 
ſlide with more eaſe on the ground, which is done by 
dividing L O into four equal parts, ſo that L P be one 
of them, by drawing MP; and at the points M and P, 
erecting two perpendiculars on D M, and on MP, 
which meeting in Q, then the point R, which biſccts 
M Q, will be the center of the arc M P required. 

The mortiſe V of the center tranſom is determined by 
drawing a line through the point C, perpendicular to 
the horizon K M, in which Cp is taken equal to a 
fourth part of the ſhot's diameter, and p q equal to two 
of theſe diameters for the height, and in p z, parallel to 
K M, the breadth p x equal to one diameter. The 
diſtance between the center and bed tranſom X is two 
| diameters; this laſt is a diameter each way. The breaſt 
tranſom Y is a diameter broad and two high ; the ſides 

H 3 are 
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are parallel to the head A B, and terminate above even 
with the bottom of the erunion hole one way, and when 
produced the inſide meets the point S. Laſtly, the mor- 
tiſe T of the trail tranſom is equal in length to the trail, 
a diameter high, and is parallel to the upper fide N ©, 
ſo as when the lower is produced to meet the point P. 

All theſe mortiſes are divided into four equal parts by 
horizontal lines; the upper part is ſunk half an inch in- 
to the cheeks; the two middle parts are ſunk to the 
depth of two thirds of the thickneſs of the cheeks, but 
the lower part is not ſunk in at all. They are made in 
this manner to prevent the wet from getting into the 
joint and rotting the tenons, 


Conſtruction of the plan. Fig. 19. 


Draw the indefinite line A B, in which take the points 
C, D, ſo as their interval be equal to the diſtance from 
the center of the trunions to the extremity of the baſe 
ring; through theſe points draw EF, K L, at right 
angles, to AB; make DK, D L, each equal to the 
radius of the baſe ring, and CE, C F, each equal to 
the radius of the ſecond reinforce ring ; then the lines 
drawn through the points F, L, and E, K, will deter- 
mine the width within of the carriage; if to theſe lines 
two others are drawn parallel, and at a diſtance equal to 


the length of the trunions, you will have the thickneſs 


of the cheeks QP and R S. 
On both ſides of the points E and F, ſet off half the 
diameter of the trunions, in order to have the trunion 
holes m, n; draw the breaſt tranſom Y of a diameter 
broad, ſo as the inſide be in a line with the fore part 
| of the trunion holes; and if C A be taken equal to r B 
in the laſt figure, the line R Q at right angles to AB 
will determine the breaſt of the carriage, and the total 
length A B of the carriage is determined by 1 the laſt 
bgure, 

II 
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If you ſet off from the line K L two diameters for the 
length of the caſcable, you will have the hind part of the 
center tranſom V, whoſe width is a diameter as well as 
the bed tranſom X, and their interval is two of theſe 
diameters, as has been ſaid before; the trail tranſom T 
is determined as before by the length of the trail. In 
the middle of this tranſom is the pintle hole of an oval 
figure, wider above than below, that the pintle may 
have room to play on uneven ground, 

The bed w is a board of an inch and a half thick, a 
foot broad, and ſunk into the bed and center tranſoms ; 
the width of the axle-tree has been determined before, 
and its fore part paſſes through the centers of the trunion 
holes : there is a board fixed upon the axle-tree with one 
end, and the other upon the bed tranſom, which ſerves 
to lay hay or ſtraw upon for wadding, | 

Between the trail and center the breadth of the cheeks 
is diminiſhed on the inſide by a ſixth part, beginning at 
about a diameter from the trail, and ends within a dia- 
meter and a half from the center tranſom. 

This fs the common conſtruction of field carriages ; 
but as it relates only to the four calibers, whoſe dimen- 


ſions have been given, the reader will ftill be at a loſs 


how-to conſtruct any other; and as the length of the 
"cheeks depends not only on the caliber of the gun, but 
likewiſe on the height of the wheels, as well as on the 
length of the pieces, which varies very often : therefore, 
in the following conſtruction, we ſuppoſe the wheels of 
the common ſize, and the guns to be 20 or 21 diameters 


long, which is the common length at preſent of the 24 
pounders. 


General dimenſions of travelling carriages. Fig. 18. 


The length A d of the plank is 12 diameters of the ſhot 
and 7.5 feet beſides; its height A b three diameters and 
three quarters ; the height A B of the cheeks three dia- 
meters and a quarter; ſo that B b is half a diameter, the 


4 height 
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height DC at the center 70 parts of that diameter, 
divided into 24 equal parts, as in the conſtruction of 
guns; the length of the trail is three diameters, and its 
height M N two; the breadth F H of the axle-tree is 


two diameters, and the reſt of the dimenſions depend 


on the ſize of the gun. 


General conſtruction of travelling carriages for the new 
guns. 


Plate VI. Fig. 18. 


The length A d of the plank is 10 diameters of the 
ſhot and 7.5 feet; its height A b, three diameters and 
three quarters; the height A b of the cheeks, three 
diameters and a quarter. Set off from B to C eight 
diameters, and twenty parts of that diameter divided 
into 24, as in the conſtruction of guns; then from the 
point A, as center, deſcribe an arc through the point C, 
on which, as a chord, ſet off 70 parts from C to D, 
and draw the lines AD, BC. On BC take BE, equal 
to the head AB, and towards the point B, the parts 
Er, r S, each equal to 9 parts, ſo that E S will be the 
width of the trunion holes, whoſe center is ſunk about 
a quarter of an inch into the cheek. From the point r 
draw r F, perpendicular to A D, andin AD take F H, 
equal to 30 parts for the breadth of the axle-tree, which 
is funk into the cheek about an inch. On the fide FH 
make a ſquare, and from the interſection I of the dia- 
gonals, as center, deſcribe an arc with a radius of 29 
inches, which arc will repreſent a part of the wheel. 
Now if a ruler be laid ſo as to touch this arc, and cut 
the plank in two points M, L, fo that the diſtance ML 
be equal to three diameters, and there be erected at theſe 


paints the perpendiculars MN, LO, to K M, each 


equal to two diameters, then, by drawing the lines C N, 


NO, and D M, you will have the outline ABC LDA 


of the checks. The under part of the trail is made 


round, 
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round, and the mortiſes of the tranſoms are made as 
before. 


Conſtruction of the plan. Fig. 19. 


Draw the indefinite line AB, in which take the points 
C, D, ſo as their interval be 7 diameters and 17 parts 
through theſe points draw EF, K L ar right angles to 
AB; make DK, D L, each equal to 32.5 parts, and 
CE, C F, each equal to 27.5 parts; then the lines 
drawn through the points F, L, and E, K, will deter- 
mine the width within of the carriage, If to theſe lines 
two others are drawn parallel, and at 18 parts diſtant, 
you will have the thickneſs of the cheeks, Q P and 
SS ... 

On both ſides of the points E F, ſet off 9 parts for 
the radius of the trunions, in order to have the trunion 
holes m, n. If C A be taken equal to r B in the laſt 
figure; the line R Q, drawn at right angles to AB. 
will determine the breaſt of the carriage, and the total 
length AB is determined by the laſt figure. The reſt 
of the conſtruction is the ſame as before. | 


Remarks on this conſtruction. 


Regard muſt be had in the conſtruction of theſe 
carriages to their ſtrength, and that the piece may lay 
cloſe and ſteady in it; as likewiſe that the gun may be 
properly elevated, in caſe ricochet firing ſhould be re- 
quired. | | 

The thickneſs of the cheeks are here ſuppoſed eighteen 
parts inſtead of a caliber, as is uſual; this we eſteem 
ſufficient, becauſe pieces are now loaded with no more 
than one third of their ſhot's weight, or ought not at 
leaſt ; which charge has been found ſufficient for batter- 
ing pieces. 

The length of theſe carriages is ſuch, that a 24 
pounder may be elevated to about an angle of 9g — fic 

an 
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and the ſmaller ones to 10, or 11 and 12, which is more 
than ſufficient upon all occaſions. The cheeks are not 
bent too much at the center, becauſe, if they are, they 
become very weak in that part. We make the trunion 
holes ſo as one half of them is over the axle-tree, whereas 
the common practice is to make them juſt without, 
which, in my opinion, occaſions the weight of metal to 
hang too much beyond the center of the wheels. 


Plate VII. VIII. 


In theſe plates are the plan and elevation of a 6 
pounder travelling carriage, with all the irons marked 
on them, ſuch as are now made. 


Trou- work of travelling carriages. 


breaſt | 
Tranſom bolts with burrs center 
trail — 


breaſt 
Tranſom plates with hooks 4 center — 


trail — 
Trunion plates — — 
Cap ſquares with joint bolts q 


Spring keys with chains and ſtaples ——— 


Eye bolts bh 4? 
Breaſt plates EHODES 
| garniſh — 
| Plares with roſes | e 
na is — — | — 
Axle-tree bandes = CIS 
Side [traps — * nn 


Draught rings with bolts and burrs 


S e RS ASS SSS 


ee Me 


Locking plates PORES CS 
Laſhing rings with loops — 
— ngle 
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and the ſmaller ones to 10, or 11 and 12, which is more 
than ſufficient upon all occaſions. The cheeks are not 
bent too much at the center, becauſe, if they are, they 
become very weak in that part. We make the trunion 
holes ſo as one half of them is over the axle-tree, whereas 
the common practice is to make them juſt without, 
which, in my opinion, occaſions the weight of metal to 
hang too much beyond the center of the wheels. 


Plate VII. VIII. 


In theſe plates are the plan and elevation of a 6 


pounder travelling carriage, with all the irons marked 
on them, ſuch as are now made, 


Trou-work of travelling carriages. 


| | breaſt 


Tranſom bolts with burrs4 center 
trail —— 


. breaſt — 
Tranſom plates with hooks 4 center — 


* trail —— 
Train plates. 


Cap ſquares with joint bolts -. 
Spring keys with chains and ſtaples '—- 


—__——_ 


ies i fore — 
Eye bolts Tun J 

Breaſt plates — 
; garniſh — 

| Flates with roſes Teal . 
Garniſh bolts « es EI 
nails — — — 
Axle- tree bands — — 


Draught rings with bolts and burrs 


o t KW ASS SSS SSS 


Menn 


Locking plates: — 
Laſhing rings with loops — 
9 Single 
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Single forelock keys 
Bed piece chain with ſtaple 


Locker $ ＋ ——h: ů— | 2 * 


aſp with ſtaples . 

Wood ſcrews 
Rivets 

roſebuds 

| diamond headed 
Nails counterſunk 
( trail | 

Pintle plates upper and under — — 


Names of the parts of a whee!, Plate IX. 


A. Nave 
B. Spokes ——— 
C. Fellies — 

n. Dowel pins — 


a. Streaks — — 


— 


b. Streak nails — 

c. Nave hoops — 

d. Nave boxes — 

f. Dowledges — 

b. Rivets for ditto —— 
Nave hoop ſtubs — 

k. Box pins — — 


N 


e 


N 


SSD w 


l 


The dowel pins are wooden pegs, of about three 
inches long, and three quarters of an inch in diameter ; 
they ſerve to faſten the fellows together; and the dow- 
ledges are iron plates, faſtened and ſunk into the fellies 


bind the joints of the fellies ſtrongly together, each 
with four pins. 


before it is uſed, and left in the bark all the while till it 
is uſed ; the ſpokes are made of elm or young oak, and 
uled as dry and well ſeaſoned as poſſible; the fellies are 


on the outſide, ſo are not ſeen here; they ſerve to 


The nave is always made of elm, cut ſix months 


—_ " likewiſe 
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likewife made of dry elm, or in default of which young 
beech ſplit in two only will do as well, if not better; 
and the axle-tree 1s made of dry elm, young oak, or 
young beech. | 

The cheeks and tranſoms are always made of dry elm, 
on account that this wood is very pliable, receives the 
nails better than any other, and does not ſplit; yet 1 
have ſeen ſome made of young oak, and am of opinion 
E is much ſtronger than elm, and I think may anſwer 

eter, 


Dimenſions of wheels for travelling carriages. 


Caliber — .— — [z T zz 6 | 3 [Pars 


Wheel, diam. inches — 
Nave, length — — 17. 517 is, 6115 76 


[body — he. a 55 
Diameter Sept — e 


FTé ach — — 13. 5013. 50 [ro | 60 
e 
"= 2 breadth — — 6. 5 6 6. 5 4. 5] 28 
85 Spokes f breadt — 2. 3 2.2] 2. 1 210 
breadth — w_ 4:5 4 | 3. 5 3 0 


= — 


The mortiſes of the ſpokes ſhould be placed in the 
middle of che nave,' but the workmen make them an 
inch nearer to the linch, The ſpokes are ſomewhat leſs 
near the fellows than at the nave ; they are hkewile 

J inclined towards the linch three inches in a wheel five 

i | feet high, and fo in proportion in one of any other 

ki diameter; Which the workmen call diſping. How they 

= found our that this inclination' renders the wheels more 
perfect is not eaſtly known; thoſe that I have converſed 
with knew no more than that it was an old cuſtom, 
which made me inquire farther into it, and I have found 
that it is grounded on true mechanical principles, as 

ma be {cen in my Elements of Mathemattes, page 45: 

a, 0 
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The laſt column in the preceding table contains the 
eneral dimenſions of the reſpective. parts for wheels of 
any ſuch carriages, expreſſed by the parts of the diameter 
of the ſhot divided into 24, as in the conſtruction of 
guns, and proportional to the dimenſions of a wheel for 
a 24 pounder's carriage. Theſe general dimenſions are 
very uſeful in ſeveral reſpects : fuppoſe-it were required 
to make wheels for any other calibers than thoſe above, 
then you muſt either refer thereto, or elſe perform the 
work by gueſs, Again, theſe dimenſions being expreſſed 
by the ſame parts as the guns, they may both be con- 
ſtructed upon the ſame ſcale ; which cannot be done in 
the common manner without a great deal of labour and 
difficulty : in ſhort, artillery would be incomplete with- 
out them ; becauſe it is not ſufficient to know how to 
execute what has been done before, but any other work 
of the ſame kind that may be neceſſary. . 

The Span, or interval between the wheels, varies in 
different countries; even every county in England ob- 
ſerves a different width, which is very inconvenient for 
thoſe who travel in carriages. The artillery carriages 
are made like thoſe in Flanders, which is four feet eight 
inches; but as the fellies are not of the ſame breadth 
in all wheels, we ſhall make the diſtance between the 
middle of the fellies five feet in all the carriages uſed 
by land, which are hereafter mentioned, the truck one 
excepted. 


Iron. work of an axle-tree, Plate IX. 


a. Axle-tree bar 


b. Clouts was | " 
inch — — 2 

linen — — 2 

c. Axle-tree hoops Sam — — 2 
| body — — 2 

d. Hurters with ſtraps — — 2 
2 


f. Waſhers — 
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g. Linch pins — 8 -- 
h. Axle-trec: bolt — U — 
k. Single fotelock — ll 
Clout nails — — — 12 
Dog nails — — ae 


Tools neceſſary to prove and load guns. 


The ſearcher is an iron ſocket with branches, from 
four to eight in number, a little bent outwards, with 
ſmall points at their ends: to this ſocket is fixed a 
wooden handle, from 8 to 12 feet long, of about an 
inch and a quarter diameter. This ſearcher is intro- 
duced into the gun after it has been fired, and turned 
round, to diſcover the cavities within; and after their 
diſtances are marked on the outſide with chalk, they 
make uſe of another ſearcher, that has only one point, 
about which a mixture of wax and tallow is put to take 
the impreſſion of the holes; and if there are any of a 
quarter of an inch deep, or of any conſiderable length, 
the gun is rejected as unſerviceable to the government; 
though the iron is fold to merchants, The gun is thus 

oved and ſearched twice. 

The reliever is an iron ring fixed to a handle by means 
of a ſocket, ſo as to be at right angles: it ſerves to 
diſengage the firſt ſearcher, when any of its points are 
retained in a hole, and cannot otherwiſe be got out. 

The worm is a double-wired ſcrew, fixed to a handle 
by means of a ſocket ; it ſerves to draw out the wadding | 
or bottoms of cartridges which remain in the gun after | 
frequent firing, and which would otherwiſe accumulate 
ſo much, that other cartridges could not be rammed 
home enough to reach the priming, whereby the gun 
would miſs fire. | 3 

The ladle is made of copper, about three diameters 
of the ſhot long, and the thickneſs equal to the windage W 
of the gun: it is of a cylindric form, having an open-W 
ing above of about a ſixth part of the circle, and Roy 1 
a — | Ke 
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Ie a ſcoop at the end. The uſe of the ladle is to 
introduce the charge of powder into the gun, when it is 
not made up into a cartridge, or to looſen the ſhot, and 
draw it, in caſe it is retained by duſt got into the gun 
after much travelling. 
= The rammer is a cylinder of wood, whoſe diameter 
ad length are each equal to the diameter of the ſhot, 
Vith a handle fixed to it; it ſerves to ram home the ſhot 
and powder when the gun is loaded. 
= The ſponge is likewiſe a cylinder of wood, from 10 
to 12 inches long, of the ſame diameter with the ram- 
mer, and covered with lambſkin, ſo as to fit the gun 
exactly; it is commonly fixed to the other end of the 
rammer's handle in ſmall guns, but has a ſeparate one 
Win thoſe of larger calibers, The uſe of the ſponge is 
to clean the piece before and after it is fired. The IXth 
plate repreſents the forms of theſe tools, whereby the 
reader may have a clear conception of them. 
= Guns are proved various ways, to find whether they 
are ſufficiently ſtrong ; the moſt common in England is 
with a charge of powder, which weighs as much as the 
W ſhot in all pieces under a 24 pounder ; which, if braſs, 
Wis loaded with 21 pounds, the 32 pounder with 26 and 
12 ounces, the 42 pounders with 31 pounds 8 ounces *; 
but in France they are charged with two thirds of the 
ſhot's weight only. Sometimes water is forced into 
them, but this proof is inſufficient ; it has been found, 
that though the water penetrated through the piece in 
ſeveral places, yet they were very good and ſerviceable, 
The beſt and ſureſt way of proving pieces made after 
Wa new pattern, or of ſome new metal, is to charge them 
with no more powder than they are loaded with in action, 
Wand to fire them 2 or 300 rounds as quick as poſſible ; 
Wand if they ſtand this trial, there is no danger of their 


= * The charge of the iron 24 pounder is 18 pounds; that of the 
32 i521 $1,096. 2 8 ounces; and the 42 is 25 pounds. As to the light 
braſs field pieces, they are proved with half the weight-of the ſhot ; 
except the 24 pounder only, with 10 pounds, | 1 

1 | | burſting 


a 6 — . ————_ TO ” 


Calibers — _ 24 | 12 | © | Farts 
Length 108 106 94 1 4 
Height 5 of the plank 15. 6114 [12.4\ 3: 6 
Thickn. 4.5 3-7] 3 [9:18] 
Cheeks, height before — 14. 512. 711 | 2 : 18 
Height at the Center — 15 10. 9 9. 80 2: 16 
trail — {ſro 9. 2 8. 4 1: 16 
Length of the trail — III io. 50 1: 22 
From head to center — % 45 40 |11: &þ 
Width wih 4259000 — . 8.0. 7% 1 
1 behind — 17 115 13 | 2 : 15 
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burſting afterwards, This has been done by our light 
6 pounders, when they were firſt introduced into our 
ſervice. Mr. De Valliers, lieutenant- general of the 
artillery in France, has propoſed another method for 
proving pieces, which. is, inſtead of loading them with 
ſhot, to ram clay in as hard as poſſible two feet deep. 
But I doubt whether an iron cannon could ſtand ſuch a 
proof, nor would I adviſe the trial. 


To conſirut? figld carriages. Plate X. 


As field pieces are ſhorter and much lighter than thoſe 
above, their carriages likewiſe obſerve the ſame pro- 
portion. They have the ſame form, but their wheel; 
are only four feet two inches high ; which, in my opi- 
nion, is too low; for the draught of low wheel carriages 
is known to be greater than the higher : and, though the 
guns are light, yet that is no reaſon to make the draught 
greater, 1 think, if they were 4.5 feet high, it would 
be much better; but it being no eaſy matter to change 
any thing eſtabliſhed by cuſtom, we ſhall inſert the di- 
menſions uſed at preſent, that the reader may ſee what 
has hitherto been the practice, leaving my obſervations 
to his judgment, either to approve or not, as he pleaſes. 


Dimenſions of field carriages. | 


Dimenſions 


—— . —u—' —— — —— ¶ "uh, 
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Dimenſions of the wheels. 
Caliber _ — [ 24 | 12 | "6 | Parts 
Wheel, height _ — 150 30 [50 817 by 
Nave, length — — |i5 13 12. 7 3: 0 
body — — 13 [11 [10.6] 2 : 10 
Diameter 4 middle — 14 2 11.60 2: 15 
Clinch — — {12 f fio 2: 5 
| height — — 4.7 4 | 3-6] 1: © 
Fellows pei8hr — — | 3-3] 2.8] 2.4] 0: 16 
breadth — — |2 | 1.8] 1.5] 0: 9 
Spokes thickneſs — | 3.5] 3. 2 2.9] ©: 171 
Of the axle: tree. 
Caliber — 2412 6 | 
J 
length — — 39 40 [42 
Body 4 breadth — — 6 | 5.5] 5 
height — — |8 |7 | 6 
Arms, length — — 8 16 [15.7 
45 body — — 6 . 85 
Diameters ing _ __ ES | 3-5 
Theſe dimenſions are in inches and decimal parts, except 


thoſe general ones in the fourth column, which repreſent 
diameters of the ſhot and parts, the whole diameter 
being divided into 24, as in the conſtruction of guns. 
The length of the planks are here 19 diameters of the 
ſhot and four feet. The width within of theſe carriages | 
may be more or leſs, as the thickneſs of metal is varied. 
The conſtruction of travelling carriages given before, 
ſerves likewiſe for theſe, by making uſe of the laſt di- 
menſions inſtead of the former ; the only difference is, 
that there is no bed tranſom here, becauſe ſcrews are 


I uſed 
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uſed to raiſe theſe light pieces inſtead of wedges ; for 
which reaſon the center tranſom is two diameters broad, 
and but one thick; it is placed in the middle of the 
height of the cheeks at the center, ſo that the neck of 
the caſcable anſwers to the middle of the breadth of the 
tranſom, the fcrew being fixed there, 
It muſl be obſerved, that on each ſide of theſe car- 
riages is a locker or box of two feet long, its upper ſur- 
face even with, or about an inch above the upper part of 
the axle-tree, extending from thence towards the trail; 
and its depth is equal to the height of the axle-tree, 
Theſe lockers ſerve to hold ſhot upon a march, and are 
covered each by another box that ſlides on, and is faſt- 
ened with a bolt, in which cartridges are lodged, to be 
ready for firing at any time, without having recourſe to 
the ammunition carts, 
The iron work of theſe carriages is nearly the ſame 
as in the former, only not ſo ſtrong ; and there is but one 
garniſh bolt, which ſupports the fore part of the locker; 
and no garmſh nail, though there are three marked by 
miſtake in the XIth plate. The eye bolt next to the 
joint bolt paſſes through the axle- tree band behind, and 
not before as in other carriages; the the fore part of this 
band is only faſtened by the fore eye bolt. We have 
marked but one tranſom bolt at the center and one at 
the trail, though they make two at preſent in each of 
theſe places, which is ſuperfluous ; the Saxen, who 
brought theſe pieces into uſe here, made no more. The 
draught hooks are placed to the breaſt tranſom plates, 
"inſtead of fixing them to the axle- tree, as practiſed; be- 
caute the horſes: draw with more ſtrength when the hooks 
ate" nearly breaſt high, Laſtly, inſtead of making 
_ hooks to rhe trail tranſom plates, there are ſubſtituted 

nails about four inches long, which we imagine are much 
more convenient than the former. The waſhers have 
- allo hooks, to which are faſtened the ropes by which 
che gunners draw the gun along. eh 
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There is one gun carriage more, which is called 


Galloper ; it ſerves for a pound and an half gun. 


I15 


This. 


carriage has ſhafts ſo as to be drawn without a limber, 
and is thought by ſome artilleriſts to be more convenient 
and preferable to other field carriages: and as it may 
likewiſe ſerve for our light three and fix pounders, we 


ſhall give the following 


Dimenſions of a galloper carriage. Plate XII. 


Total length of the ſhafts, ax 


fore end to the fore croſs bar, 


From the hind end to the round part, — 

Hograrthe f, > 
Breadeh J che and 1 * 2 
Width within behind, — + 
Atthefore ig bat, — Feud 50 


From the hind end to the axle-tree, 
Croſs bar from the hind end, — - 
Length ; Safe Me | 
Breath of tlie cheeks, —— 
Height 9 He. 
. 2.1: before. — —— 
Width within de hind, „ 
Total length of the axle- tree, 
Length of the body, Bo 


arms, — 
Breadth 5 
Height 5 of the body, ; — 


Festen { diameter of the arms, Te 


| 
|_| 
3 


1 
[ 


Diameter of the wheel; 
Nave, length, 2 


| EE! 


12 


Diameters, 


{ 


Feet. 
9 
6 4 
1 
8 
9 
O: 3.5 
6: 4.6 
865 
32 
37 
Oo 3 1 
9 
42 
9 83 
9. 8 
91 8 
O 211. 5 
62.4. 
3296.3 
I : 4.6 
989 1 --& 
9 1 
9 1 
0.2 8 
4 3 
3 
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s Wa * 
, 
£ 


breadth, —— ' 
Arms length, —— 19 


(bod) — —— —— o: 11 
Diameters, $ middle, r I 0 
Fr — —-- — 0 10 
readth, 0. TI. RRS 0 1.3 
| Spokes, fickte, W 8 3 
\ breadth, —— —— — 0 ꝗ 3 
Fei height, — — 0; 4.3 
|; The Wwe not inſerted here may be taken from 
the draft. 
.Of Limbers. Plate XIII. 
i A limber is a two wheel carriage with ſhafts, and 
ſerves to ſupport the trail of field carriages, by means 
| of the pintle or iron bolt, when they are to be drawn 
| from one place to another; they are taken off again 
I Vhen the pieces are to be fired. Their dimenſions 728 
Calibe f,, om þ 77 | 12 
aan 
Wheels diameter, ——— ———[48 
Nave length, — -———16 
Diameers| mice, — — 4 
linceh, — — 112 
e breadth,— — [4.5 
Fellows 3 height.” <= 1 
: breadth, — — I 1. 8 
Spokes thickneſs,—][4 
Axle- tree length, —— — 58 
length, — — 40 
Body height, —— _ — 7. 6 


Diameter 


4 
2 
* 1 


— — 4 
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ä ; hind end, — -—|6 6. 565 [4 

Breadth ; rer end, — — 3 3 2. 0 2. 6 
. ind end, — — 3 3 

Height fore end, — — 3 | 3 | 2-5] 2.5 
Bolſter height, —= — 12.510 |8 | 7 
Length, — — — 40" [40 40 [43 
Breadth, — — — © | 5-5] 5 5 
| { breadth, —| 4.51 4 3.5 3 

Fore croſs bar height, 9 4 —1 1. 5 1. 5 1. 5] 1. 5| 
Hind croſs bar wh a "Wks =! 3* 5j 3+ 5] 3+ 5] 3 

ight,  ——| 1.5] 1.5] 1. [ 1.5 

Axle-tree from the fore croſs bar, i 1. 611. 5|11.5|11.5 


All ſhafts are about two feet open before, two feet ten 
inches in the middle, and ſomething leſs near the axle- 
tree, according as the wood happens to be more or leſs 
crooked ; for it is never cut acroſs the grain, becauſe 
that would weaken it too much, The bolſter diminiſhes 
towards both ends, as in the drafts ; ſo that the height 
given here is to be meaſured in the middle. 


tron work of the ſhafts. 
a. Limber bolt, — — 


— — — I 
b. Shaft rings, — — — — — 2 
c. Shaft pins with chains, — — — — 2 
d. Breech hooks, — — — — — 2 

e. Ridge chain with hook and loop, — — 1 
f. Limber chain with hook and rings, — — 1 
g. Single forelock keys, — — — 4 
h. Nails, diamond headed, — — — 8 
k. Dog nails, — — — — — 6 
J. Bolſter hoops, — — — — — 2 
m. Pintle, * — * os — 1 
n. Pintle waſher, — . — — — 2 
Stubs for bolſter hoops, — — — — 8 

13 The 
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' The iron work of the wheels and axle-tree being the 


ſame as before, only lighter in proportion to the wooden 
work, we think a repetition needleſs. 


REMARKS: 


The wheels of the limbers being but four feet high, 
and the extremities of the ſhafts five, the draught of the 
ſnaft horſe becomes ſo oblique, that the greateſt part of 
his force is loſt in ſupporting the fore ends of the ſhafts, 
which the other horles draw down again, fo as to bring 
the whole draught in a right line from the axle-tree to 
the breaſt of the fore horſe ; whereby the ſhaft horſe is 


1o ſhook (the difference between the height of the fore 


end of the ſhafrs and the center of the axle-tree being at 
leaſt two feet) that he is ſpoiled in a ſhort time, and 


rendered unfit for ſervice: on the other hand, the bolſter 


of a 24 pounder limber-is 14 inches high from the cen- 
ter line of the axletree ; when the carriage is moving, it 
endeavours to turn the limber about its axis, and the 
trail would flip out of the pintle, were it not for the 
limber chain that retains it. All theſe oblique motions 
being conſidered, it will be found by thoſe converſant 


in mechanic principles, that worſe cannot be contrived. 
It is very difficult to contrive better: for the trails of 


field carriages cannot be altered; and if the wheels were 


made hi gher and the bolſter lower, the carriage cannot 


turn ſo well in a narrow road, nor can the trail be fixed 


under the axle-tree for the fame reaſon: the only remedy 
that ca be found, in my opinion, would be to fix a pole 


or ſhafts in ſome way or other to the head of the car- 
riage, ſo as to draw-it forwards, and the trail to ſlide on 
the ground like a- ſledge ; but how this may be done 
muſt de left to ſome 1 ingenious workman. 
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Of mortar beds and howitz carriages. 


E land mortar beds are here made of ſolid tim- 
ber, conſiſting generally of tour pieces; thoſe of 
the royal and cochorns excepted, which are but one 
Gngle block. As to ſea mortars, their beds are made 
quite different from theſe, as will be ſhewn each in their 
order. 


Dimenſions of Iand- mortar beds. Plate XIV, 


— 


Bore.—— — 13 | 108 5 8 4.6 
= Inches 
| | length, —— 84 66 30 0 | © 
Lower bed breadth, — 33 j2o |o |o | © 
height, —— 13 ſto 9 o | ©o 
| length, —— 83 65 49 31.28. 5 
Upper. bed breath, — 32 2 5 19 16 4 
height, —— 13 12 1 10 | 9 
Breadth quarter round. — 3 2.5 2.5 o | © 
Ot the ogee and fillet, — | 4 3.5 3 0 
Length of the cavity, — 20 16 128 | 5.7 
Trun. hole from fore end, 31 "= 15-513. 311.7 
Diam. a 0; 4 3.42.4 
Depth f of trun. holes, 0 : | 6 * : | 3.2] 2. . 


The diſtance of the trunion holes is meaſured from the 
quarter round, and not from the end of the bed. The 
joint of the two pieces of the upper bed, in the 13, 10, 
and 8 inch beds, are fo contrived as not to be directly 
over the joint of the pieces in the under bed. 
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Names and number of irons in @ 13, 10, and 8 inch bed. 


a, Cap ſquares, — — — 2 
b. Eye bolts, — — — 2 
c. Joint bolts, — — — — 2 
d. Under and upper bed bolts,, ——> — 9 
1. Dowel bars, — — — 4 
g. Rings wich bolts, — — 4 
h. Reverſe bar, — — — 2 
k. End rivetting plates, — — 2 
J. Middle plate, — . — — 1 
m. Rivetting bolts, — — 6 
n. Square rivetting plates, — — 12 
Pp. Traverſing bolts, — — 6 
q. Neue chains, and ſtaples, — 2 
N and number of irons in a royal and coeborn bed, 
a. Cap ſquares, — | 2 
b. Eye bolts, —— — — 2 
c. Joint bolts, —— 2 
d. Rivetting bolt with ring — —— 1 
f. Handles with ſtarts, — — 2 
g. Square rivetting plates, ——— — 5 
h. Keys, chains with Raples, — — 2 


Dimenſians 
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Dimen/ions of beds for the three new mortars. 


Diameter of the bore, — 


30 | 30 [| 
length, —|6 : ol; : 10 4 : 25 
Lower ted breadth — z : 10/2: 2 Ii: 26 
 £thicknelſs, —[o : 28 þ . 25 Jo: 22.5 
 Clength, —— 5: 286: 8 (4: 23 
Upper bed q breadth, — z:: 82: 0 fl: 24 | 
thickneſs, —|o : 2810 : 25 243.51 
Breadth of the ogee, — 0: Go: 5; bh: 4.5 
Of quar. round and fillet, o „„ 45 
Diam. ene: 1 Jo 12 
Deptt of trun. holes 3 18% FF: 34 
Interval between them. — 1 Ti 0: 4 Wc: a 4 
Their length, — —o: 15ſo : 14 lo : 13 


The firſt numbers in each column expreſs the dia- 
meters of the bore, and the ſecond the parts of that 
diameter divided into 30, as in the conſtruction of mor- 
tars. The center line of the trunion hole paſſes through 
the middle of the upper bed. 

The dimenſions of the firſt of theſe beds will hold 
nearly true in regard to the preſent mortars. As to 
thoſe uſed at preſent, there is no proportion between 
them; ſome are larger and others ſmaller than th 
ſhould be; for it has been obſerved, that when the royal 
and coehorn are fired, their beds kick about very much, 
which is a certain ſign that they are too ſmall. We have 
obſerved before, that the mortars both here and in 
France are not conſtructed by any rule; the ſame is true 
in regard to their beds; and it is no wonder, ſince Sf. 
Remy, the only, author who has wrote 2 complete trea- 
tiſe upon artillery, did no more than copy ſuch memoirs 
as he received from the workmen, without pretending to 
reaſon upon the ſubject, and in all appearance was not 
qualified for it. 
General 
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General dimenſions of the i iron work. 
length, —Nt:18 Tr: 14 [it g 
Cap ſquare: breadth. — : 12 : 10, % 8 | 
thickneis, — 0: 3 ſo: 2.50: 2 
Fore end from the trunion b 1 | 
hole, — 0:16 o: 14 7 
height, o: 1 E 
Eye bolt head 4 breadth, o: „ . 
| thicknefs,lo : 3.50 3:50 3, 3 
Joint bolt Aan r r 
head thickneſs, — 0: 3-5 3.5% 3 
Diſt. from the trun. hole, O: 10.30: 9.5% 0: 7. 5 
Traverſing bolt length. 0: 23 lo: 20 16 
head, — 0: 4.5%: 3. 17 
Diameter of i o: 3 5 = - a 48 
Their diſtance below, — r . 
from ae l: 2 %o: 29 3 24 | 
(length, ——[2: 8 z: 0 124 
vo plate breadth, 0: o: ſo: 6 
thickneſs; 5 & 1360: 1 340. © k. 5 
C diameter, — o: P72 42 © 1 W151 
ped bole 4 — 2 10 11 ? 126 
Rigs diameter, — —[0:14 ſo: 12 ſo: 10 
| thickneſs, — —jo: 3 oo: 2.30: 2 
Diameter of the rivetting} © | | | 
bolts, — — —b : 710: . % % 2 
Diaet of the ring ring. "of | 
vetting bolts, — =o: 3 lo: 2.3% 2 | 
Diſtance from the ends „ 4 | 7 
the plates, „ %% % 4 
Dia. of the bed bolts done The. 23272 BAY 8 
length, — [1:2 110 f 14 
i 2 — o: 4 4 G D 2 
hicknefs) — ==: 1 Oo: 1. Jo: 11 
From the quarter round, lo: 8 26 46:48 5 
Diameter of the traverling aA ** | 
bolt * — | "$3: TO 2 10 
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We ſuppoſe theſe mortars ſo fixed in their beds as to 

be moveable, quite contrary to the preſent practice, 

and that they may be raiſed from an angle of 10 
degrees to any under 90; for which reaſon the depth _ 
of the trunion hole is not equal to its diameter, and the . 
cavity-in the bed is to be made in ſuch a manner as to 34.4 
receive the wedges by which the mortar is raiſed, hl 


Dimenſions of ſea mortar beds. Plate XV, XVI. 


Its height, — — 7 


Its breadth, — 


Theſe beds are placed upon very ſtrong timber 
ſrames, fixed into the bomb ketch, to which the pintle 
is fixed ſo as the bed may turn about it. The fore part 
of theſe beds is an arc of a circle deſcribed from the lame 
center as the pintle hole. The plans, elevations, and 
different ſections ſhew in a diſtin manner the ſeverM 
parts of theſe beds. 71 


Diameter of the bore, — 13 | 10 | #1 
Length ſ_— -— [94 664 Mt 
Breadth þof the bed, 4 —— —54 147 |} 1 | 
Height — 7 23 | 
Pintle hole from the fore end, ——|\29 32 1 
Diameter of the pintle hole, — — 6.5} 6. 5 Tt 
Trunions from the fore end, —— — 46 42. 3 144 
Diameter N — — o 68 1 
Depth of the trunion holes, 3 8 |; | 
1 | | | | #1 
ame 4 e | 4 
Hoke Fo the circylgr bed, SIRE 8 f2 ali 
S p | 1 
Diſtance to the bed bolſter, —— — 16 |16 | * 
Depth of the cavity, Ne in — 15 i | 40 
Its opening above, — 30 21 i 
Bed bolſter length, — — 63 (44 | it 
Length below, — — —d'.— 29 2. 1 if 
| 1 
| 
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ARTILLERY: 


Tron work of theſe beds, 


a. Cap ſquares, —_— — 
b. Eye bolts, — — — 
d. Traverſing bolts, — — 


e. Middle plate, — — 
f. Riveting plates,. —4 
g. Riveting bolts, —— 
Þ Croſs bed bolts, — 


I, Square riveting plates for ditto, 


l 


R Ane 


k. Down bed bolts, — —— — — 1 
m. Bed bolſter plates, — — 
Keys, chains and ſtaples, — — 
Nails to the bed bolſter bed,. — 
Bed "_ _ with loops, — 


Discl. ons 70% an eight inch howitz carriage. Plate XVII. 
Length of the cheeks, - —— 101 
Thickneſs, — — — 4 5 | 
Height before, — 18 
1 r 
4 trail. — 14 | 
4 Leng th of the trail, — — 15 | 
| Height of the plank, —— — 18 | 
4 From the head to the center, — 3 | 
1 Trunion holes from the head. — ? 9 A 


length, 
Breaſt tranſom height, 


thickneſs, 
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len th, — 
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Center tranſom 4 height 
thickneſs, 
length, 
Trail tranſom breadth, 
[ hickoels | 
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er .nu. 
The iron work of theſe carriages is the ſame as in field 
carriages; but there are only four garniſh nails, two of 
a ſide, becauſe they are ſo ſhort as not to admit of more. 


As to the wheels and axle- tree they are the ſame as in an 
18 and 12 pounder's carriage. 
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PART VI. 
Of different ſorts of carriages uſed in the artillery. 


Dimenſions of a Tumbrel, Plate XVIII. 


| Inches. 
AME TER of the wheel, —— — 60 
Navelength, —— — — 13 
body, — — — 12 
Diameters middle, — — 13 
Is linch, © — —— 10 
| breadth, — — — 2.2 
une f N — — -3«$ 
» breadth, — — 4. 5 
Fellows) thickneſs, PIG _— 
Axletree length, — * 76 
length, 8 annum prog 42 
Body breadth, — — — 5 
height, | — — 6. 7 
Arms length, — — 17 4 
Diameters os DV 15 7 5 
Shafts total length, — — — 147 
Ber che hut end to the croſs bar, — 7 


croſs. bar to the fore cut, — 62 
From the fore cut to the fore end, —, —— 78 
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+ 4-2 , "behind 
„ + at the fore cut 
Breadth in the middle 
at the fore end 
Height from the hind end to the fore cut 
Height at the fore end 


0 


TSO S 
| WwW Uh w hmm 


(behind, and at the fore cut 3 
Width within 4 is the middle 3 
Lat the fore end — 25 
. breadth — p 3.5 
Croſs bars 4 thickneſs —— — 2 
length — — 31 
Fore cut 3 breadth gn AI — 
thickneſs — — 
length — —— 
Raves A breadth — 2 2 
thickneſs — I EY 
Clength — — 
Standards 4 breadth —— — 
Cthickneſs — — 
- .Clength —— 3 
Head bars J breadteingnky — 
Cthickneſss — — 
length — — — ů 
Uprights 4 breadth — n 
Cthickneſs — — — 


Tron work of a tumbrel. 
A pair of wheels and axle-tree W 


Axle- tree pins with rings and keys — 2 
Fore cut pins — 2 | 
Breech hooks — — 

Shaft rings 7 —_— r 2 

Shaft pins with chains and ſtaples ——— 2 

Ridge chain with hook and y — 1 

Bail — —— 6 
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The common uſe of tumbrels is to carry the pioneers 


and miners tools; but they ſerve likewiſe to carry the 
money of the army. 


Dimenſions of a b cart. Plate XIX. 


The wheels and axle-tree are the ſame as in the tum- 
brel, except the height of the wheels is here 5.5 feet. 


Inches. 
Sides with ſhafts, total length 180 
k end to the croſs bar  —— ; 
From the hind croſs bar to the fore croſs bar 8 ö. - 
From the fore croſs bar to the fore end — 77. 8 
behind — 3.3 
Rrradth fore croſs bar — — 4. 4 
iddle — — 3.7 
L before —— —— 2. 8 
(behind —& ——— — — 3 
Height à fore croſs bar — 4 
before 2. 8 
Opening behind, and at the fore croſs bar — 34 
Ar $4 middle — — — 35 
before 25 
Hy length — 34 
Two ſhaft croſs bars 4 breadth —— 2 
| height 3 
5 length — — 40 
Under croſs bars breadth. —— — 2 
5 height —— — 2 
length — — 100 
Side pieces 4 breadth —— — 13 
height 2. 
The axle-tree paſſes through the Gde Pieces 
from the bottom 5 
From the ſhafts to the beginning of the roof 6 
Height of the roof | 12 
length — 
Lids breadth —— 10 
thickneſs ——— — — [ 
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128 ARTILLERY, 
dee Ids, Inches; 
length — — 388 
Roof lids 4 breadth — — — 181 
5 Cthickneſs — — 1 


The roof is covered with oil cloth to prevent damp- 


neſs from coming to the powder, and each ſhot locker is 
divided into four parts by boards of an inch thick, which 
enter about an inch into the ſhafts. Each of theſe carts 


can ſtow four barrels of powder only. 


Tron work of a powder cart, 


a. Side bolts with fcrews —— 
b. Croſs bolts with ſingle keys 

c. Double hinges for the ſhot lids 

d. Staples and keys with chains 

e. Hinges for roof lids —— 

f. Haſps, ſtaples, and keys for ditto 
g. Axle-tree pins with keys 


vw N AN & 


| 


Compleat irons for ſhafts, wheels, and axle-tree. 


Dimenſions of an ammunition waggon, Plate XX. 


| Inches 
Fore wheels, height — — — 48 
Nave, length — — 13 
bod — — — 12 
Diameter 4 middle — — 14 
linch — — 10 

4 breadth — — 

| breadth — — 33 

Spokes thickneſs — — 3 : 
Hind wheels, height — 50 
Nave, length — — U 13 
a body — —— 12 
bn ee . 
Clinch — nmenen — 10 
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Plan of a Powder Cart 
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| breadth . 
Fellows E 


breadth 
Spokes on 
Fore axle- tree, total length 


F | 


Il 


length _ 
Body = 
height — 
Arms, length | r 
Diameters 8590 a a6 
| inch — 


Hind axle-tree, total length 


length 
Body deen | — 
Cbeight — 
Arms, length — 
Diameters _ IS 
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| Inches, 


length to the axle- tree 28 
Hind guide breadth at the head — — 5 


ſquare at the axle. tree — 9 
opening at the axle- tree —— 24 
length to the axle- tree — 32. 
„ n Jbreadth before — 5 
Fore guide + breadth behind — 14 
thickneſs "TR * 3 
Length of the ſtraight part — — 20 
Length from the axle- tree to the hind end 38 
-{ to receive the tong — — 4 
Opening near the axle- tree 19 
behind — — 40 
length —— — 50 
Sweep bar 4 breadth — — 3. . 5 
| height — — 2.5 
lengt —— — 144 
Raves à breadth — — 2.2 
height — — 2.2 
: length — — 15. 5 
Flate ſtaves — — — 2.5 
thickneſs | — — 1 
Shafts length | — 67 
Length of the ſtraight part —d 10 
l behind - — 3.2 
Breadth J at the fore ſhaft bar — 5 
before — — 3 
Thickneſs before — — 3 
Tat the ſhaft bolt — 15 
. _ -Jat the fore ſhaft bar — 21 
Opening in the middle — — 30. 5 
I before — — 4 
A I breadth — — 3 
„ 
3 d 33 — 3.6 
; thickneſs (7-55; ——— —ũ—a 3 


Length 


52 AA 


ARTELLERYE Gig 

Inches 

1 5 of the guide bar —— — 50 r 
Brea drh in the middle — — — 3 

at the end — — 1. 3 

Thickneſss —— — 1.3 

Diſtance from the center of one axle- tree to the} 

other 89 


The ſommers go 10 inches beyond the fore axle· tree, 
and 38 beyond the hind. 


Iron work of an ammunition wag gon. 


Pintle — — — 1 
Pole pin — — — 
Bolſter pins with keys — — 
Bail ſtaples — — — 16 
Sweep "a ins — — 2 
Shaft bolt with key — — I 
Swing tree pins — — 2 
Hooks for ditto — — 2 
Bars to fix the ſwing-tree to the axle-tree -— 2 
Plate for the croſs bar of the fore guide — 1 
Waſhing plates for the ſhafts—— — 2 
Bolſter EET — - - 4 
Pole plate. — — "OY I 
Irons compleat for ſhafts, axle-trees, wheels, dowledges 
excepted, 


This waggon ſerves likewiſe to carry bread, it being 
lined round in the inſide with baſket work. 


Dimenſions of a block carriage. Plate XXI. 


Inches, 
Fore wheels, height — — 48 
Nave, length — — — 15 
Hl body — — 14 
Diameters à middle — 15 
K 2 Fellows 
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Hind axle- tree, total length 


| | 7 
length 3 
i Body + brgadth — — 
8 height — | 7 
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4 | length 8 4 
Hheoolſter 4 breadth — 
1 5 height — — 
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132 ARTILLERY. 
Inches, 
Fellows Tbesaatn — — 3. 5 
8 K breadth — — . 
Spokes '7 thickneſs — — 3 
Hind wheels, height — — 60 
Nave, length — — 17 
linch — ä— — 13 
Fellows yes Ith Biba 4 5 
Spokes — — — 4 : 
Fore axle-tree, total length 3 77 
length — mm 39 
Poly 4 breadth ls dn 6. 5 
height — — 
Arms, length g.! 3 J 
1 | | body — — — 
Diameters linch e ee 2 
„„ TS NENRESLASN CIR 4 
Bolſter & breadth 3 3 5 
height — 2 
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ARTILLERY. 133 


The fide pieces project equally by — 224 
Shaft ts, length — —u — 96 
Breadth & in the middle —— — 6 
Length of the ſtraight bar. ——a — 19 

| behind — — 28. 5 

Openin middle — — "I 

£ 4 before — — — - 4 5 
Height of the ſhafts - — — 3 
lI-ngth —— — — 46 

Rider à breadth — — — 6. 5 


Interval between the ſide pieces — — 12 
The fide pieces are let into the rider and hind 7 
bolſter 3 or | 2 


— — 


Iron work of a block carriage. 


Irons compleat for wheels, axk-tree, and ſhafts. 

1 Iron bar to faſten the hind axle-tree to the fore 
one, 3 | 

2 Bolts to fix this bar to the axle-trees. 

4 Bolſter bolts. 

4 Hooks faſtened to the ſide pieces with two bolts 
and burs, 

1 Bar to faſlen the fide pieces in the middle. 

2 Staples for ſhafts, and two iron bands with loops. 

2 Loops, one faſtened to the rider, and the other to 
the hind bolſter. 


The uſe of this carriage is to carry guns in the field, 
which are too heavy to be tranſported upon their own 
carriages, . as likewiſe mortars and their beds. 


3 Dimenſions 


* 


134 ARTILLERY: 
oe ons of a fling waggon. Plate XXII. 


leng tg Gn 
0. -garedm — 
Side pieces height 
opening _— 
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Interval between the centers of the axle-trees 
Fore wheel, height 


Nave, length — an}. 
Diameters Hate — — 
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Spokes g — — — — 

_ Hind wheel height — — — 
Nave, length — — 
| body — — 
Diameter middle — — 
6 linch — — — 
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Fellows height — — — 
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Fore axle- tree, length — 3 
| | length — 3 
Arms, length w—_ — - 
Diameter 9 TE" = 3 | 
Hind axle-tree, length — ages 
Body 1 3 
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135 
| Inches. 
Arms, length — — —— — 20 
Diameter 1 oy | 4 EP; 7 
| len th - nk PRE! TBS TIT LAS 41. 5 
Fore bolſter & breadth penn 24 5 
height — — — 12 
. length — — 51 
Hind bolſter 4 breadth 3 5 
height a — — 1 1 
length —— — — — 54 
Rider breadth. ͤ—— — PR UOPTI TONY 5 
height „ — 7.2 
length below — 60 
Cheeks to ſupport ] length above — 22 
the rack work ] heighgt —— —. 20 
breadth 2 6 
Shafts, length 5 — — — 94 
behind — 5. 5 
Breadth middle —— 3 4 
before — . —— — 3 : 
a behind 4x4 — | — 2 3 | 
; before — ́ä— — 25 
Thickneſs of the ſhafts —— 1911 85 3 


* pe 


Iron work of a fling waggon. 


2 Cap ſquares, 
4 Eye bolts. - 
2 Trunion plates, 
2 Beam hooks, 
1 Iron to faſten the tooth wheel. 
Rack work with pland and handle, 
An iron bar to ſtop the jack. 
8 Bolts with ſcrews to faffen the cheeks to the ſide 
pieces. N | 
2 Hind axle- tree ſtays with bolts, 
| | K 4 A co 


— 


136 ARTILLERY. 


A croſs bar to faſten the ſide pieces together, 
14 Hooks faſtened to the ſide pieces with bolts and 
burs. 

4 Bolſter bolts with rings and keys. 

Ducke with band and waſher. 

4 Bolſter hoops. 

Wheels and ſhafts compleat. 

The uſe of this carriage is to carry mortars or heavy 
guns from one part of a place to another at a ſmall 
_ diſtance. 


' Dimenſions of 4. ſling cart. Plate XXIII. 


„ Inches. 
Wheels height —— — — 60 
Nave, lengtgkwam — _ 15.5 
body — — 14 — 
Diameter A middle — 16 
linch — — — 12 
breadth — — a 
renova wing 1 
breadth — — 2 
Spokes thickneſs — — 3 
Axle-tree, length — — 77.5 
length — — — 40. 5 
Body te — — — 5 
height — — 8.3 
Arms, length —— — — 18.5 
Diameter - 2 1 5 
inch — 2 4 
Shafts, total lengtng ——— _ 
From the center of the axle-tree to the fore 
end — — —— | 144 
From the center to the hind = » 4324 
_ the hind end to the fore croſs $ - 
| Breadth WE - — E202 5 
fore end 8 
Opening 
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AE. 


axle- tree and fore croſs bar — 23 

Opening 4 middle — 30 
before — — 24 

Height of the ſnafts — — 3.6 
breadth — 4 

nn thickneſs — 2 
length below — 28 

| above — | 
* 88 — 
* — nes 6 

| interval — — 32 
Diameter of the roller. 7 


This cart ſerves for the ſame uſes as the former wag- 
gon, but chiefly to carry the guns from the water ſide 


to the proof place, and from thence back again. 


The iron work of this cart is the ſame as before, as 


alſo of the wheels, axle- tree, and ſhafts. 


Dimenſions of a truck carriage. Plate XXIV. 


* Inches. 
body length — — 22 
breadth —— — 5 
Fore axle-tree height — 11 
arms length — — 6. 
diameter — _ 3 
body length — — 32 
breadth — — 6 
Hind axle-tree height — — 57. 
arms length — — 6. 
diameter — — 3 
lengtg — CS 100 
breadth — — 10 
eien — "A 
Side pieces OW al 2 2 > 
to the fore axle-tree — 15 
to the hind axle- tree — 15 
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| Inches, 
| length — A 32 
Fore bolſter 4 breadth 1 e 1 5 
Hind bolſter 4breadth — 3 6 
5 . height —H — — — 8 
len th | — — — 6 
Shafts height CN ER = ; 
near the bolt — . 22 
Opening 4 middle — — 35 
before 8 3 24 
before ab 9 3 | 
Breadth 4 middle 8 4 | 
Cat the bolt 3 3.5 | 
From the end to the ſtraight croſs bat 12 f 
| length i, — n 30 : 
Fore guide breadrh 5 am rang 21 
| | height — 1 4 1 
L.interval— 3 10 q 
: diameter — 8 2 
N Tedicknel — 


The croſs piece fixed upon the fore ends of the ſide 
pieces is 5 inches broad, 3 high before, and 1.5 behind. 

The croſs piece behind the fore bolſter under the ſide 
pieces is ten inches broad, and 1.5 thick, The bolſters 
are let into the ſide Pieces about half an inch. The iron 
| work is fo diſtinctly ſeen in the plan and elevation of this 
carriage, that it would be needleſs to mention it. I 

The uſe of this carriage is to carry timber and other 
burthens from one place 1 to another, 


3 ee 


Dimenſions of | a a forge, Plate XXV. 


; | Inches, 
| : W heels, diameter FT —— — 56 
| | | Nave, length : ee — — 14 
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Elevation of a Slings Cart 
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Diameters middle 8 Wr Fay 
linch — — 5 — 
breadth ** — 
* height — — 
breadth — — — 
Spokes thickneſs 83 We 
Axle - tree, length — — 
length — — 
Body breadth — — — —e— 
Arms, length — — 
; body — 
Diameters Enes 9 2 
Shafts with ſides, total length — 
Length of the ſhafts — — 
behind — 
Breadth 4 middle — 8 
before — . 
behind — — — 
Height & middle — vi 
before 8 3 
| before —— NR 
Opening middle — — 
| axle-tree — 3 
length — — 
Raves 4 breadth — 
height — — 
length — PER FIVE 
Uprights à breadth — i 
thickneſs — — — 
breadth — — 
Fore croſs bar X's e 3 


From the hind upright to the end 
From the hind end to the axle- tree 
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b. Place boarded up to - WP tools i in, 

c. Iron-plate for the fire place, 

d. Wooden trough for- Water. 

f. Iron plate ko receive the cinders, and to ky the 
hammers and-tongs upon. - 


g. Iron plate to prevent the flame ſetting fire to the 


carriage. 

This forge-is very ill contrived ; it ſhould have four 
wheels, that it might ſtand firm, and be eaſter carried; 
the French uſe ſuch as this laſt deſcribed. 

Since the firſt impreſſion of this work theſe forges 
have been made with four wheels: the ſame has ſince 
been done in regard to the pontoon carriage, where they 
now uſe limbers, which mend it in part, but not com- 
pleatly; for it ought to be a compleat four-wheel car- 
riage, and not one with 


e 


Dimenſions — 4 pontoon carriage. Plate XXVI. 
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ARFTIL'/EERY, 141 
Inches. 
Diameter 0 oy 5 i . 
length — — 54 
Bolſter 4 breadth — — 6 
height — 18 
Side pieces with ſhafts length — 228 
axle- tree — 5 
Breadth middle — — —— 4 
before — 3.2 
behind the axle-tree — 4. 8 
Height before the axle- tree — ä — 6 
8 at 21.5 from it — — 5.2 
at the end — — 2.2 
| near the axle-tree — 29 
Opening J at the fore croſs bar — — 28 
[ before — 28 
breadth — 4 
Fore croſs bar height _— — : 3.5 
length — — 60 
Diſtance from the ſhafts end — 108 
Next croſs bar Tote == 4 
l — — 3.5 
Diſtant from the firſt 24 


The croſs bar next to the axle-tree is of the ſame 

dimenſions as the laſt, and 24 inches diſtant from the 
axle-tree, 

The ſhafts ſlip through the axle-tree, and are pinned 
behind, ſo that they may be taken out when the carriage 
is to be put into the ſtorehouſe ; for which reaſon they 
are made higher before, ſo as to afford a ſhoulder againſt 
the axle-tree. 


Dimenſions of a pontoon, 


Feet. Inch, 


Total length of the pontoon 


Length of the bottom —— — 18: 8 
OE. | Width 


&. 
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Peet. Inch. 
Width above and below at che outſide 4: 10 
Height of the ſides — — 22 
above — 1 
Width within * the bottom — 8 
Depth within — 2.5.1.8 
Width of _ long bars underneath 91 3 
the two ſide ones underneath Ot: 3.8 
upper ones . 
Breadch of the g 18 *** 8 2 
Diſtant from each other — 93 
Length of the timbers laid acrols — 22: 8 
Breadth and height of ditto. — 62 


There are four of theſe timbers for each pontoon, and 
as they lay acroſs over two pontoons, there are 5 placed 
at the ſide of each other, the planks laid over them are 
an inch and a quarter thick, and 11. 5 feet long. There 
are likewiſe two long narrow boards laid on each fide of 
the bridge over the ends of the croſs ones, and faſtened 
to them with wooden bolts, to keep the carriages from 
running off. The XXVIth plate ſhews the plan of the 
pontoon, one part of which is left open at the bottom, 
to ſhew the wooden work; both out and inſides. are 
covered with the ſtrongeſt tin plates; the outſide bottom 
is of the ſame breadth as the pontoon is at the top, the 
fides included, but the inſide bottom is leſs broad, ſo 
that there is a hollow between the inſide and outſide, 
divided into apartments by the ſide pieces, in order that 
if a hole ſhould be made in the outſide by a ſhot or 
accident, the inſide might not be filled, and the pon- 
toon rendered leſs boyante. 

The French cover the outſide of their pontoons with 
ſtrong copper plates, and uſe no lining within, which, 
in my opinion, is preterable to our method, becauſe 
copper is much ſtronger than tin, and is not damaged 
by ruſt; and a ſtump of a tree or any thing that will 
make a hole in ours will not be able to hurt theirs; and 
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fince we have copper of our own, I cannot conceive the 
reaſon why we do not follow their method. 

The pontoon carriage is as ill contrived as polſible, 
for its length is greater than that of any waggon, and 
yet it is ſupported by two wheels only; they have ſince 
added a limber to it. The great ſtreſs that lies on the 
ſhaft horſe, would, one would think, be more than 
he can ſupport, eſpecially-i in going down hill ; and I 
have been informed, that twenty men are ſcarcely ſuf- 
ficient to aſſiſt him; and in going up hill the men are 
obliged to ſupport the carriage behind, for fear the 
weight ſhould overbalance that of the horſe. This 
being ſufficiently experienced in the laſt war, it is ſur- 
priſing that no artillery officer or artiſt have not contrived 
a more convenient carriage, The moſt obvious would 
be to have a limber to it, ſuch as the field carriages 
have; this the French have to theirs, but inſtead of 
making it with a high bolſter as uſual, I would make 
the wheels higher, and no bolſter at all, or only as high 
as the naves, ſo that the pontoon might lie as low as 
poſſible: by this means the carriage would go with 
more eaſe, and the ſhattmhorſe draw as free as any of 
the others. To make uſe of two wheel carriages in 
travelling a great way, and through bad roads, is con- 
trary to ſenſe and reaſon ; becauſe the whole weight 
laying upon two wheels muſt needs make them fink 
more in the ground than thoſe of a four wheel carriage, 
where but half the weight is ſupported by two: it is 
true that carts may be uſeful in a town at home, where 
they go upon pavement, and they are beſides cheaper ; 
| but that is no reaſon they ſhould be uſed abroad, for 
which, I dare fay, they were not intended, 


Of the gin. Plate XXVII. 


The uſe of this machine is to mount cannons upon 
their carriages, or to diſmount them; alſo to heave 
mortars on or from their beds. It conſiſts of three 
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round poles of about 12 or 13 feet long, whoſe diameter; 
at the lower end are about four inches, five juſt below 
the roller, beſides the cheeks that are added to them in 
that place, and about 3 or 3.5 inches above. 

The roller is 7 4 inches in diameter, and fix feet long; 
20 inches are left ſquare at each end for the holes made 
in them to receive the hand-ſpikes, by which the roller 
is turned ; the middle part is made round to wind the 
cable upon; the two poles, which ſupport the roller, 
are faſtened together by two iron bars, the one about 
28 inches below the roller, and the other as much above 
it. Theſe bars are fixed with one end to one of the 


. poles by means of a bolt, and with the other end to the 
other pole with a bolt and key, ſo as to be taken out, 


in order that when the gin is to be carried abroad, the 
poles may lay cloſe together upon the waggon; ſome- 
times wooden bars are uſed inſtead of theſe iron ones, 
which coſt leſs, and anſwer the purpoſe as well. There 
are two iron bands and two iron bolts to faſten each 
cheek to the poles, and likewiſe iron plates round the 
poles where the iron or wooden bars are fixed. The 


- Poles are hooped at each end, and thoſe above have 


ſtraps, through which the iron bolt paſſes. This bolt 
keeps the upper ends together, as likewiſe ſerves to 
ſupport the iron to which the windleſs is hooked : this 
windleſs contains two braſs pullies, about which the 
cable goes, which is fixed to the dolphins of the gun or 
mortar with another windleſs, containing two braſs pul- 

lies likewiſe. | 
The firſt figure ſhews the form of the gin, as like. 
wife the dimenſions of the different parts, with all the 
iron work ; therefore it would be needleſs to ſay any 
more of its conſtruction. It muſt be obſerved, that 
when it is to be uſed, it is laid flat on the ground, the 
lower end of the ſingle pole extends the contrary way, 
in order to faſten the upper windleſs after the cable has 
been turned round them; after this the upper end ; 
| raile 
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raiſed gradually till the three poles ſtand nearly at equal 
diſtances, | 

The French gins differ from ours ; viz. the two legs, 
which ſupport the rollet, are faſtened together by three 
wooden bars, nearly at equal dittances the third leg is 
not fixed to the others, but enters into a notch or mor- 
tiſe above, ſo as not to flip when it is uſed ; the upper 
windleſs is fixed to the two legs by means of an iron 
bolt, ſo that when they want to uſe the gin, a man gets 
up by means of the bars, and paſſes the end of the cable 
round the pullies. This I heard objected againſt, ſaying, 
that if the gun is mounted near an enemy, it would be 
dangerous; but as that gin is as cally railed as ours, 


they need not climb up, but when they can do it with 
ſafety. 


Of Petards, Plate XXVII. 


The French petards are made in the form of a fruſtum 
of a cone, with the vent in the leſſer baſe; in England 
they are made nearly in the fame manner, only ſome 
are round towards the ſmalteſt baſe. The ſecond figure 
ſhews the ſection of one as they are made here; it is 8.5 
inches within at the bottom ; the diameter at the be- 
pinning of the round part is 6, and diſtant from the 
lower baſe 9 inches; the circular part is deſcribed from 
the point where the perpendicular to the ſides meets the 
middle line or axis; the thickneſs of metal is 1.6 inches; 
there is a brim at the bottom that projects the metal by 
two inches, and is one thick, in which are ſix holes of 
half an inch diameter, which ſerve for ſcrews to faſten 
the petard on a board in a firm manner; there is a cavity 
within at the bottom half ao inch deep, and as much in 
height, to fix a board, to keep the charge in the petard 
before it is fixed to the board or plank. There are lke- 
wiſe two handles of about three inches from the flat ring, 
five inches long, ſeven tenths thick, and 1.8 from the 
outſide to the metal. Laſtly, a hole of an inch dia- 
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meter is made either at the top or on the ſide, to ſcrew 
in an iron fuſe to fire the powder by, which fuſe is filled 
with a ſlow compoſition, in order that when it is lighted, 
the petardier,may have time to retire out of danger. 

Petards are madę of various dimenſions, ſome larger, 
and others ſmaller than this; but it may be oblerved 
that they ſhould not be too heavy, otherwiſe it would 
be troubleſome to carry them to the gate or fally port 
where they are to be fixed; and if they are too little, 
the effect would not be ſufficient, and therefore would 
be uſeleſs, . In ſhort, the largeſt ſhould not weigh above 
70 pounds when loaded and fixed to its plank, and the 
leaſt not leſs than-45 or 50. ST 

It will be caly to make any other petard larger or leſs, 
in proportion to this, whoſe diameter of the bale is 
given, by making all the other parts in the ſame pro- 
portion ; thus, ſuppole the given diameter is 10 inches ; 
to find the height between the two baſes, ſay, the dia- 
meter $.5 is to the height 9, as the diameter 10 is to 
the height required, which will be 10.59 inches; and to 
find the thickneſs of metal, ſay, the diameter 8.5 is to 
the thickneſs of metal 1.6, as the diameter 10 is to the 
thickneſs required, which is 1.9 inches. In the ſame 
manner the dimenſions of any other part may be found. 

The common way of loading the petard, and the belt 
in my opinion, is, to fill it gradually with powder, and 
every two or three inches thick, to put a wooden mould 
into the petard, which being beat upon with a mallet, 
ſo as to preſs the powder as cloſe as poſſible, without 
bruiſing the grains, and when it is quite full, the board 
is put upon the powder, and over this a cloth with roſin, 
and bound round the brim with packthread to keep the 
charge and board together, till the petard is ſcrewed on 
the plank or board; then the part that exceeds the brim 


is cut off, and the other being preſſed by the brim, pre- 


vents any air coming to the powder. 
The board to which the petard is fixed, is about two 
ect long, 18 or 20 inches broad, and 2.5 inches thick; 
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it has two iron bands on the back, placed croſs-ways, 
and a hook to hang it up againſt the gate or door, by 
means of a ſcrew, when it is to be uſed. | 

Some moiſten the powder with ſpirits of wine, and 
dry it in the ſun to make it ſtronger, and then ſprinkle 
every layer of powder of two inches thick with mercury, 
upon which they lay powder again, and preſs it down, 
then ſprinkle it again with mercury, and continue fo till 
the petard is filled; but in my opinion good powder 
alone, well preſſed down, is ſufficient to produce the 
deſired effect. | 

Petards have been much out of uſe ſince King Mil- 
liam's wars, when Mr. Feuguier forced open many ſmall 
towns in Germany by their means; but the danger that 
attends it, has deterred officers and partiſans from un- 
dertaking ſuch enterprizes. Nor do I find any other 
nation but the French have uſed them, and even they 
did not uſe them in the late wars. 


Ne * ä 


PART In 


The practice of artillery at home in time of peace, aud its 
ſervice in time of war. | 


TTAVING given in the former part of this work 
the conſtructions of the ſeveral pieces of artillery 
now in uſe, as likewiſe thoſe of their carriages, in the 
moſt conciſe and eaſy manner we could, we intend to 
give here a deſcription of what is practiſed at home in 
time of peace, in order to inſtruct the gentlemen cadets 
and private men in what they have to do upon the dit- 
ferent occaſions that may happen in time of war; and 
then we ſhall deſcribe the different operations in the field 
and in a ſiege, taking the liberty of making obſervations 
wherever we think the preſent practice may be improved 
2 not 
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not with any view of preſcribing rules of my own 


making, but only to ſet before the judicious reader ſuch 


things as may . poſſibly be of ſervice to thoſe young 


gentlemen, who have not had an opportunity of learning 


them in real ſervice; for we do not preſume to offer 
theſe ſentiments to thoſe experienced officers of artillery, 
whoſe conduct and courage in the late war, fo well 
known to every military gentleman, exempts them from 
all ſuſpicion ol being deficient in any part of their duty. 


The practice at home. 


In the ſpring, ſo ſoon as the weather permits, the 
exerciſe of the great guns begins, with an intention to 
ſhew the gentlemen cadets and private men the manner 
of laying, loading, and firing the guns, at various 
diſtances from the but or mark; and as the line of di- 
rection is nut marked upon the guns, they have a ſmall 
inſtrument called a perpendicular, to find the center line 
or two points, one at the breech, and the other at the 
muzzie, which are marked with chalk, and whereby 
the piece is directed to the target; this being done, a 
quadrant is introduced into the mouth, in order to give 
it a proper elevation, which at firſt is gueſſed at, ac- 


cording to the diſtance the target is from the 


piece. 
When the piece has been fired, it is ſponged, to clear it 


from any duſt or ſparks of fire that might remain in it, 
and loaded: then the center line is found, as before; 
and if the ſhot went too high or too low, the elevation 
is altered accordingly. This way of firing continues 
morning and evening for a month or fix weeks, more 
or leſs, according as there are a greater or leſs number 
of recruits. In the mean time, others are ſhewn the 


motion of quick firing with field pieces. 


REMARKS 
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REMARK S. 


No gun is ever turned fo true, that the outſide cor- 
reſponds exactly with the inſide ; becauſe, if the blunt- 
neſs of the tools and the heavineſs of the work. is rightly 
conſidered, it will be found morally impoſſible that it 
ſhould ; and the manner of laying pieces, or finding the 
line of direction, by an inſtrument applied on the out- 
fide, can be but very dubious and uncert:in; it alſo 
miſguides the gunner ; for when the perpendicular is not 
a ways placed exactly in the ſame manner, it will give 
different lines of directions, whereby he is not atle to 
judge when the ſhot does not hit the matk, whether it 
is owing to his want of ſkill, or to the falſe direction; 
and conſequently i is never certain whether he underſtands 
his buſineſs or not. I ſhould imagine, that if the line 
of ditection was marked, as was formerly the cuſtom, 
with a flit or cavity at the breech, and a burton ar rhe 
muzzle, it would be much better; for though this line 
ſhould not exactly anſwer the direction of the bore, yet 
when the gunner has onde found out its defect, he will 
eaſily know how to rectify it: this J have ſeen in a piece 
formerly in France, which, when directed at the mark, 
went a great deal to the left; but the gunners, after the 
firſt ſhor, hit the mark with it as well as with any other. 
It is true, that an objection is made againſt this fixed 
line; for it is ſaid that the platforms are never laid fo 
exactly level, but that one wheel will always be higher 


than the other; and in that caſe the line of direction 


mult be falſe. But as I never have ſeen a platform 
made without a maſon's level, and this is, as far as I 
know, an univerſal cuſtom, I cannot fee any foundation 


for 2 objection; but let us ſuppoſe that one wheel was 


2 trifle higher than the other, this would cauſe very 
little error in the direction, which however the gunner 
would rectify the very next ſhot: bur though the plat- 
torm ſhould be level, it is ſaid the wheels do not always 


L 3 | ſtand 
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ſtand exactly in the ſame place, whereby the line of 
direction is changed every time; this the gunners always 
take care of, by marking the ſituation of the wheels, 
and the hind part of the carriage with chalk on the plat- 
form. Therefore, ſince the laying a piece with the line 
of direction upon 1t, 15 more expeditious, and at the 
ſame time more certain, it appears to be preferable to 
the common practice, 

As the quadrant is introduced into the mouth of the 
piece, merely to know its elevation, and when the ſho: 
gocs either higher or lower than the mark, it is lowered 
or -aiſed by gueſs only, without having any rule to go 
by, the uſe of that inſtrument can be of no advantage 
in practice; on the contrary, it prevents the gunner 
from learning to judge by the eye, what elevation the 
piece ſhould have according to its diſtance from the 
object, which he ſhould be able to do when he comes 
to real action; for which reaſon it ought to be rejected; 
as well as the perpendicular, whether a line of direction 
is marked on the piece or not. 

As the intention of the exerciſe in time of peace, is 
to render the young artilleriſt ſkilful in all the different 
branches of his buſineſs, I think, that if faſcine batteries 
were frequently raiſed, and platforms laid, that they 
may know how to do it in time of war, and at the ſame 
time accuſtom the men to fire through embraſures, it 
would conduce very much to their perfection; for the 
manner the exerciſe is carried on at preſent upon a ſtone 
platform, without any declivity, and without breaſt- 


work, can give no true idea of the firing in a ſiege; the 


molt it can do is to repreſent a faint notion of firing in 
a battle, where no battery or platform is made, except 
in ſome caſes where a poſt is to be defended. I know 
an excuſe is made, that it is the duty of the engineers 
and not that of the artillery officers to make the batteries, 
and they have hitherto made them accordingly, as far 
as I know: yet as this cuſtom is grounded upon very 
erroneous principles, as we ſhall Prove, it ought to be 
| aboliſhed, 
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aboliſhed. For how ſeldom does it happen that an 
engineer in this country has an opportunity to make a 
battery? and when he has, how ſhall he know whether 
the embraſures are rightly made, or what declivity the 
platform ſhould have, except he is well acquainted with 
the artillery, or is inſtructed by the officers of artil- 
lery ? It may be ſaid, he ought to be acquainted with 
what has been done by former engineers ; but as the 
length and weight of pieces is changed almoſt every day, 
and of courſe the * the embraſures and platforms 
muſt change likewiſe, it is impoſſible he ſhould know 
how to make a battery in a proper manner, unleſs he 
was ordered to make experiments every time that picces 
are changed, which is never done. Whereas, on the 
contrary, the officers of artillery are on the ſpor, and, 
by firing theſe guns, have all the opportunity they can 
wiſh to determine theſe things; and to ſhew the neceſſity 
of it, we ſhall give an inſtance which makes it evident: 
formerly, when a 24 pounder weighed from 51 to 52 
hundreds, and its length was 10 feet, the platforms were 
then made 18 feet long, and 9 inches higher behind 
than before; and now we make 24 pounders, that weigh 
but 17 hundreds, and whoſe lengths are 5.5 feet; and 
as it may happen that theſe pieces are uſed upon a bat- 
tery, how ſhould an engineer be able to raiſe one pro- 
perly? and if he makes it as cuſtomary, the guns will 
run off their platforms every time, by which the ſervice 
will be retarded, and who is to be blamed 2 not the 
engineer, as I conceive, fince he had no opportunity to 
try theſe pieces before-hand. Again, the diameter of 
the wheels for heavy gun carriages is 58 inches, and 
that of the light pieces 30 only; ſo that the height of 
the embraſures muſt be made leſs for the latter than for 
the former. The diſtance of the battery from the ob- 
ject depends on the range of the pieces; and as the 
light carry not ſo far as the heavy, by reaſon that their 
charges are leſs, a battery for the light pieces muſt be 
nearer the object, than that for the heavy. And ſince | 
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no one can be a better judge than the artillery officers, 
who daily practiſe them, they are therefore the propereſt 
to direct the making of batteries. 

As the word point Plank is often miſunderſtood, we 
ſhall endeavour to define it here according to the general 
and proper acceptation; which is, ſuppoſe a piece ſtood 
upon a level Plain, and laid level, then the diſtance 
between the piece and the point where the ſhot touches 
the ground firſt, is called the point blank range of that 
piece; ; but as the fame piece ranges more or leſs, ac- 
cording to a greater or leſs charge, the point blank range 
is to be underſtood to be that, when the piece is loaded 
with that charge, which is uſed commonly in action. 
It is therefore neceſſary that the ranges of all pieces 
ſhould be known, ſince the gunner judges from thence 
what elevation he is to give to his pieces, when he is 
either farther from or nearer to the object to be fired ar, 
and which he can do pretty nearly by ſight, eſpecially 
if he has practiſcd it often. 

Ricochct firing is likewiſe neceſſary to be practiſed, 
that is, the pieces are elevated from three to fix degrees, 
and loaded with a ſmall charge, in order that the ball 
may be bound and roll along the inſide of the parapet 
for which reaſon a front of a polygon ſhould be made, 
to ſhew the gunners clearly the object of theſe batteries, 
and to try and find the charges for various diſtances ; 
but as no work of this kind has hitherto been made 
(though according to the inſtructions of the academy 
there ſhould) piquets or ſtakes might be placed at pro- 
per diſtanc*s, to repreſent the traverſes or the angles of 
the front of the polygon, which will anſwer the purpoſe 
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nearly as well as ik there were real works. As this 


method of firing ſaves a great deal of powder, and is 


more dangerous than the uſual way, as will be ſhewn 


hereafter, it ought by all means to be Practiſed in time 
of kene 
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Mortar Practice. 


After the gun exerciſe is over, that of mortar begins, 
and ſometimes they are carried on both together; the 
uſual manner is thus: a line of 12 or 1500 yards is 
traced in an open ſpot of ground, from the place where 
the mortars ſtand, and a flag fixed on the end; this 
being done, the ground where the mortars are to be 
placed is prepared and levelled with ſome ſand, ſo as 
they may ſtand at an elevation of 45 degrees; chen they 
are loaded with a ſmall quantity of powder at firſt, but 
increaled afterwards, by an ounce every time, till it is 
loaded with a full charge: the times of che flights of 
the ſhells are oblerved, to determine the length of the 
fuſes. 

The intention of this practice is, when a mortar 
battery is raiſed in a ſiege, to know what quantity of 
powder is required to throw che ſhells into the works at 
a given diſtance, and to cut the fuſes of a jult length, 
that the ſhell may burſt as ſoon as it touches the ground. 
This is certainly a verygood method, with. regard to 
its intention; but in a ſiege ſheils are not or never ſhould 
be thrown with an angle of 45 degrees, but in one 


ſingle caſe only, which ſcarcely ever happens, that is, 


when the battery 1s ſo far off that they cannot otherwiſe 
reach the works. For when ſhells are thrown from the 


trenches into the works of a fortification, or from the 


town into the trenches, they ſhould have as little eleva- 
tion as poſſible, in order to roll along, and not bury 
themſclves, whereby the damage they do, and the terror 
they cauſe to the troops, is much greater than if they 
ſink into the ground. On the contrary, when ſhells are 
thrown upon magazines, or any other buildings, with 
an intention to deſtroy them, the mortars ſhould be 


elevated as high as poſlible, that the ſhells may acquire 
2 greater force in their fall, 
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It is ſaid that howitzes are made to throw ſhells with 
a ſmall angle of elevation, and therefore it is not ne- 
ceſſary to uſe mortars for that purpoſe, and that an angle 
of 45 degrees is ſufficient in a bombardment; which 
may likewiſe be done with leſs powder than at any other 
elevation. 

Granting this, I ſhould be glad to know the uſe of 
mortars, at leaſt of the ſmall; ſince no leſs than 13 
inch are or ought to be uſed in throwing ſhells" upon 
magazines, and even thoſe are not always ſufficient to 
break through the arches of powder magazines; there- 
fore it would be needleſs to carry any ſmaller to the field, 
But the true reaſon is, our mortars are immoveably 
fixed to their beds, and the cuftom has prevailed for 
ſome years, to laſh them ſtrongly with ropes to their 
beds, which could not be done if they were moveable, 
and the belief that without this laſhing they would kick 
up before, and fall backwards when fired. But to con- 
vince the reader of the inſufficiency of this reaſon, he 
muſt know that the French never laſh their mortars, 
though they are much ſhorter and lighter than ours, 
and often fire them with an angle of 75 degrees, with- 
out their ever falling back, as we abſurdly imagine. 
This is demonſtrable without having recourſe to any 
experiments; for we have ſhewn that confined powder 
acts every where alike when fired, but being reſiſted in 
pieces of artillery on the ſides by the ſtrength of the 
metal, the ſhot is driven forwards, and acts likewiſe on 
ne oppoſite part ſo as to make the piece recoil, Now 
as action and re-action are always equal and oppoſite, 

whilſt the action on the upper part of the chamber 
endeavours to raiſe the mortar, that on the under fide 
oppoſite - to the other acts with the ſame force down- 
Wards; and therefore theſe two forces being equal, and 
12 oppoſite directions, they deſtroy each other. Hence, 
there is not the leaſt occaſion to laſh the mortars to their 
beds, nor fix them immoveable, as hitherto has been 


the cultom, 
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N. B. What we have ſaid here relates to land mortars 
only; for thoſe on board bomb - veſſels are ſo heavy, 
and the motion of the ſhip ſo variable, that it 
would be needleſs to attempt any other method than 
what is uſed. | 
In firing mortars no wadding is uſed here upon the 
powder, im order that the blaſt of the powder in the 
chamber may light the fuſe of the ſhell by means of a 
quick. match; on the contrary, the French put a wad 
upon the powder, and fill the reſt of the chamber with 
earth; and when the mortar is fired, one gunner fires 
the fuſe, while another fires the powder in the chamber. 
But as the fuſe might by chance take fire before the 
der, the ſhell might burſt in the mortar, ſpoil it, 
and endanger the lives of the men, and as the earth can 
make but very little reſiſtance, the powder acts nearly 
with the ſame force as if there was none ; therefore 
this method is very defective, and much inferior to 
Ours. 
Inſtead of loading mortars with looſe powder, as is 
the cuſtom, I would chuſe to uſe cartridges as well as 
in guns, for the following reaſons ; becauie when the 
powder lies looſe, its furtace ſpreads near horizontally, 
ſo that the lower part lies nearer the ſhell than the upper, 
which makes its effect much leſs than it would be were 
it confined ; neither can the chamber be filled with as 
much powder as it can hold, for which reaſon” they are 
always made larger than they ſhould be, whereby the 
effect is never ſo great as it wouid be otherwiſe: thus 
in our thirteen inch mcriars the chamber holds nine 
pounds of powder, whereas it is wel known that fix 
pounds is the moſt that is wanted; and ſince looſe pow- 
der never acts with that force it does when confined, it 
is evident, that the firing mortars with looſe powder is 
not ſo advantageous as when they are fired with car- 
tridges. Another advantage this manner has over the 
other is, that when the chamber is not filled, the car- 
tridge may be left cloſe to the ſhell, and the empty ſpace 
| at 
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at the bottom of the chamber, whereby the powder acts 
wich more violence than if the powder was at the bor- 
tom of the chamber, and the empty ſpace near the 
ſhell ; this colonel Deſaguliers and myſelf tried many 


times with half the charge, and the range was always 


nearly double in the firſt caſe than in the ſecond. When 
the powder is looſe in the chamber, if a piece of writing 
paper be put over it to keep it up, it will make a greater 
range than otherwile : all this confirms, that with less 
powder a greater effect may be produced, than with a 
greater quantity, which ought, not to be neglected. 

We have ſhewn the inconveniency of fixing mortars 
to their beds ſo as not to be moved, becauſe they never 
will produce the effect that might be expected; we ſhall 
add another reaſon, which is, that when the charge is the 
ſame, and the elevation varies, the rules of projectiles 
may be uſed, which, though deduced from the theory of 


bodies moving in a non-refifting medium, and the re- 


filtance of air is conſiderable in ſwift motion, yet they 
will give the ranges very near under 1200 yards; for 
which reaſon we ſhall ſet them down here, leaving it to 
praCtitioners to try them, or let them alone, as they 
think proper. 


Pradlical rules for horizontal ranges. 


I. The range of a body projetied with an angle of 15 


degrees, is half the range of that body, if projefted 70110 
the fame force with an angle of 45 degrees. 


II. The range of a body projected with an angle of 45 
degrees, is equal to the ſquare of the time of its flight, e- 
ok" in ſeconds multiplied by 16.1 feet. 


III. If a body be projected with the ſame force, but with 


different angles of elevations, the horizontal ranges are as 


the fenes of angles double thoje of the elevations reſpedtively. 


e 
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IV. The times of the flights of the ſame body, prtjected 
with the ſame force, with different degrees of elevations, 
are to each other as the fines of the angles of elevations. | 
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Theſe rules are demonſtrated in my Elements of Mathe- 
matics, Book the fourth, Section the third. 


ft 
1 
ExAaMPLE I. 1 
Let a body prejected with an angle of 45 degrees of eleva- A 
_ tion be 12 ſeconds in its flight, what is the horizontal Wi. 
range © AF 
. * . . . kb 
The ſquare of 12 is 144, which multiplied by 16.1, 1 
gives 2318.4 feet, or 772.8 yards, by rule the ſecond, | 
tor the range required, 3 
Ex AML E II. 3 
* 
If the range of a body projected with an angle of 25 de- 1 
grees be 200 yards, what will be the range if the body F 
is projected with the ſame force under an angle of 30 nf 
degrees? 1 
The fine of go degrees, double of 25, is 76604, 1 
and the ſine of 60, double of 30, is 866023 therefore * 
76604: 86002 :: 200 : 226, cqual to the range re- Ak 
quired by the third rule. 1 
15 
Ex AMP LE III. 1 
17 the range of a body projected with an angle of 20 degrees At 
be 200 yards, what muſt the angle of elevation be to Y 
Prefect the body with the ſame force at a diſtance of 300 WP 
yards ? i ; 
The fine of 40 degrees, double of 20, is 64278; C 
whence 200: 200: : 64278 : 95417, equal to the tine WV 
of the angle double the required one : this Hine anſwers 1 


0 
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to an angle of 74 degrees 37 minutes, half of which 
is 37 K 18, 5 minutes, for the angle ſought. 


EX AMP LE IV. 


The horizontal range of a body projected with an angle of 
45 degrees being 1000 yards, to find the time of its 


flght ? 


Then ſay, as 16.1 feet is to the given diſtance gooo 
in feet, ſo is unity to the ſquare of the time required, 
which is 186, whole ſquare root 13.6 ſeconds will be 
the time required. 


ExXamPLE V. 


If the time of flight of a body projected with an angle of 
45 degrees is 20 ſeconds, what will be the time 97 the 
ſame body projected with the ſame force with an angle of 
35 degrees? 


As the ſine of 45 degrees is 1 = of 35 de- 


grees 57357; whence 70710: 37357 :: 20: 16, equal 
to the time required, 


This laſt example ſhews how to compute the time ol 
the flight of a ſhell when the range can be meaſured; 
and from thence the length of the fuſes ; as likewiſe at 
ſea, where the diſtance is known from the mortar to 
the object, the time being computed when a ſhell is 
thrown, it may be known "whether it fell ſhort, or goes 
beyond the object, according as the time obſerved of 
the flight is Jeſs or greater than the time computed. 

Theſe are nearly all the different exerciſes of the 
_ artillery in time of peace, except that the men are ſhewn 
ſometimes how to take the guns off their carriages, and 
to put them on; whence the reader -may fee, that the 
artillery art is chiefly reduced to fire guns and mortars ; 
but as theſe exerciſes are ſuon over, and a great deal of 

time 


* 


nnn. 19 


time is ſpent in doing very little, which generally makes 
the. private men get idling about, ſpend their money, 
and do miſchief for want of other employment, I pro- 
poſe the following ſcheme to employ them for the good 
of the public, without any hardſhip to them. 

When all the field exerciſes and that of ſmall arms 
are over, and nothing to be done, a detachment of 
private men, commanded by young officers, conſiſtin 
of about a ſixth part of the garriſon, ſhould be ordered 
to attend the laboratory, to make and prepare all kind 
of military ſtores that are neceſſary, during three hours 
in the morning, and three in the afternoon ; at other 
times they ſhould be employed to make fireworks for 
the uſe of artillery, and for rejoicings; this would be 
no hardſhip upon the ſoldiers to be employed once 


a week for ſix hours, the officers would have leſs trouble 


to keep them clean and ſober ; they would likewiſe 
know how to prepare thoſe ſtores when they are wanted 
to be ſent abroad, where there is no laboratory, and yet 
neceſſary to be had. Laſtly, great expences would be 
ſaved to the public, without any hardſhip or detriment 
to any body, £ 

This would alſo be a means to inſtruct the young 
officers in that branch of their buſineſs, of which they 
ſhould not be ignorant: for how often does it happen, 
when a detachment is ſent to the Eaſt or Weſt- Indies, 
where having powder, ſhells, and ſhot, it 1s neceſſary 
to make grape ſhot, fill the ſhells, and drive the fules ; 
or after having gained a victory, to make fireworks tor 
rejoicing z now if an officer does not know to order 
how theſe things are to be done, what a figure mult he 
make before a commander in chief, who requires 1t of 
him, and expects he ſhould be able to do it! 


I think it alſo neceſſary that an artillery officer ſhould 


know the names of every thing neceſſary for a field 
equipage, eſpecially of all the parts of a gun, a mortar, 
and their carriages; for if any accidents happen in a 
ſiege, how can he ſend word to the workmen, who arc 
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generally in or near the park of artillery, of what is 
wanting ? for they, not knowing what is broke, muſt 
come perhaps a mile to ſee it, and go back again to 
fetch it; in the mean time the piece cannot be fired, 
whereby the ſervice is retarded. 

It appears allo to be neceſſary upon many occaſions, 
that the officers ſhould be acquainted with the principal 
conſtructions of gun and mortar carriages ; fot it may 
happen, that when they are ſent upon an expedition to 
the Eaſt or W#t-Indies, where either new carriages may 
be wanted, or old repaired, they may always find wood 
and iron; as likewiſe ſmiths and carpenters in the 

country, but who not being acquainted with this kind 
of work, if he knows how to direct them, it will be 
both an advantage to him as well as to the ſervice: it 
may be ſaid, that there are always workmen ſent with 
thoſe detachments by the board of ordnance, whoſe 
duty it is to do thoſe things; but if thoſe artificers ſhould 
die, which may happen, what muſt be done then? if 
the officer does not know how to direct others, the con- 
{equence will be, that the ſervice muſt be retarded, and 
who will be blamed ? 

It is likewiſe very material, that an officer ſhould 
know the quantities of ſtores and their kinds that are 
required upon any expedition. It is true that this detail 
is commonly made out at the Tower; but if by miſtake 
any material article ſhould be omitted, when he comes 
to an action and wants it, the commanding officer would 
blame him, and not thoſe that ſent them. 


The ſervice of ARTILLERY in @ land engagement. 


The pieces are generally placed upon ſome riſing 
ground before, and at the ſides of, the firſt line, where 
the enemy is ſuppoſed to make the greateſt effort, or in 
ſome village, garden, or near ſome hollow way through 
which he can march; and as they are to advance or 
retreat, according as the army moves and the enemy 


approaches, 


* 


ARTILLERY; 161 
approaches, there is no time for raiſing batteries, except 
a ſpot of ground is taken poſſeſſion of the night before, 
which is advantageous for covering either a wing or the 
center, and neceſſarfly to be kept and defended ; the 
heavieſt pieces ſhould be placed there, and the others in 
the molt advantageous manner the ground will admit 
of : every time they are fired the men advance them to 
the ſame place again; ſo that when the guns are once 
pointed right, they continue ſo all the time they remain 
in the ſame place, Our preſent light pieces are won- 
derfully well adapted for this ſervice, the men bein 
able to move them as they pleaſe with very little trouble, 
and the ſcrews uſed to keep them at the ſame elevation 
are much more convenient than the coins which were 
uſed before, becauſe they fly off every time the pieces 
are fired. 9 
At firſt the guns are fired with balls, but when the 
enemy comes near, they are then loaded with grape 
ſhot, In this caſe the charge ſhould not be ſo much as 
befcre, becauſe it has been found by experience, that 
when the charge is great, the ſhots ſpread too much, 
by ſtriking againſt each other, whereby many of them 
do no execution, which ſhould be avoided if poſſible. 
In my opinion a ſixth part of the weight of the ſhot 
will be ſufficient upon this occaſion. But when pieces 
are loaded with balls, one fourth, or perhaps one fifth 
will be the proper charge, ſince no more was uſed in 
our light pieces during the laſt war. | 

It has been obſerved by ſeveral artillery officers, that 
howitzes might be uſed in an engagement to very great 
advantage, if they were placed in the flanks, ſo as to 
fire obliquely upon the enemy's line, or amongſt their 
horſe, when loaded with ſmall charges, that the ſhells 
may roll and bound along, whereby a great diſorder 
would enſue among them; which being perceived, if 
they are briſkly charged, might be the means of gaining 
the day. For it muſt be obſerved, that cannon ſhot 
paſs ſo ſwift through the ranks, that men are killed 
738 M without 
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without ſeeing the danger, which the reſt look upon as 
an accident attending their buſineſs; but when the 
perceive the ſhells rolling along with their fuſes burning, 
and expecting them to burſt every moment, the braveſt 
amongſt them will hardly have the courage to wait for 
their coming near him, | 
When pieces are fired with cartridges, the bottoms 
will remain in them whatever care can be taken ; they 
muſt therefore be drawn from time to time, or elle they 
will accumulate ſo that the tube cannot reach the pow- 
der. The ſhorteſt way of doing this, is to fix a worm 
at the head of the ſponge with a good ſpring, ſo as 
when it is preſſed upon, it may ſponge the bottom of 
the piece, and draw out the remaining bottom at the 
ſame time; for all other methods propoſed by ſome 
artiſts are inſufficient. Another method I think might 
likewiſe do, is to pierce the vent from behind the breech, 
in the manner the Saxon guns were, whereby the tube 
cannot miſs to reach the powder, provided it is of a 
ſufficient length : beſides, the cartridge being pierced in 
the bottom, ſome grains of powder may probably fall 


between the cartridge and the end of the bore, and ſo 


blow out the bottom with the reſt. | 
Itis to be obſerved, that the powder carts ſhould be near 
the batteries, not only to ſupply them with powder, but 
likewiſe the troops near them, when that which they re- 
ceive before the engagement is all ſpent; becauſe batteries 
are objects or marks of ſuch a nature as to be known at a 
great diſtance, whereas, when the powder is placed any 
where elſe, the troops do not know where to find it it 
they are in want. But at preſent every battalion has 
two field pieces to attend them, which I ſuppoſe have 
powder carts along with them, that contain a ſufficient 
quantity to ſupply the battalions, n 
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The ſervice of ARTILLERY in an atlack. 


The firſt batteries erected in an attack are generally 
placed about a hundred yards before the firſt parallel 
vpon a riſing ground, if there is any that lies conve- 
niently, and as they commonly are made for ricochet 
firing, muſt be at right angles to the faces produced of 
the works in the front attacked, and there being eight 
faces in the front, when there are ravelins and a covert- 
way, ſo there muſt be eight batteries, each of four 
guns at leaſt, beſides ſome mortars placed in the ſame 
batteries. 

When ricochet firing is uſed, the pieces are elevated 
from three to ſix degrees, and no more; becauſe if the 
elevation is greater, the ſhot will only drop into the 
work, without bounding from one place to another; 
they are to be loaded with a ſmall charge, and directed 
in ſuch a manner as juſt to go over the parapet. 

Mr. Vauban ſays, that half a pound of powder is 
ſufficient for a 12 pounder in moſt caſes ; which is one 
twenty-fourth part of the ball's weight: therefore where- 
ever this firing can be practiſed, it ſhould be done, ſince 
it faves much powder, and the pieces will not be heated 
let them be fired ever ſo much. The ſame batreries will 
likewiſe ſerve to diſmount the beſieged guns placed in 
the faces oppoſite to them; but in that cafe the charge 
muſt be one fourth, or one third of the ſhot's weight, 
The chief engineer and the commander of artillery 
conſult together how to place theſe batteries, and when 
the places are fixed upon, the pioneers are ſet to work, 
under the command of an artillery officer in the French 
ſervice, where they have a particular number called 
commiſſaries, who are not attached to the regiment of 
artillery, and when the ground is thrown up, the gun- 
ners make the inſide facings with faſcines themſelves 
as likewiſe the embraſures, and lay the platforms ; fo 
nobody can be a better judge how to do this work than 
M 2 they, 
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they, and therefore they ought to practiſe it in time of 
peace, as we have obſerved before. 

The next batteries to be raiſed are thoſe for makin 
breaches, and to deſtroy the flanks : the firſt are placed 
upon the glacis, within 18 or 20, feet of the, covert- 
way, directly oppoſite to the faces in which they are to 
make breaches, and the others alſo upon the glacis at 
the ſame diſtance from the covert-way, oppoſite to the 
flanks. This diſtance is left for the thickneſs of the 
breaſt- work or parapet. 

It has been cuſtomary to charge the pieces wich half 
the weight of the ſhot ; but experience has ſhewn, that 
one third or leſs is ſufficient ; for provided that the ſhot 
juſt. enters the wall, the effect will be greater than oo 
it penetrates a great way. The manner of makin 
breach is to fire at firſt as low as poſſible, and to direct 
the pieces ſo as to hit in an horizontal line near each 
other; if they are fired together, and not one after 
another, the ſhock will be the greater. 

The reaſon for battering ſo low is, that if the wall is 
cut low in an horizontal line, the part above falls down 
all at once; whereas if the wall above is beat down at 
firſt, the rubbiſh covers the lower part in ſuch a manner, 
as not to be deſtroyed afterwards, and without which 
the breach becomes impracticable. When the wall is 
once beat down, it will be advantageous. to fire ſhells 
into the earth, for each ſhell will produce the ſame effect 
as a little mine; whereas the ſhot will only make a hole 
of its own bigneſs, without any great effect. It has 
been found that the vents of battering pieces have been 
ſo much ſpoiled in a ſiege, as to render the guns un- 
ſerviceable : this may be prevented by firing with tubes, 
as in quick firing it has been found by experience that 
they preſerve the vent, for we fired a ſix pounder 300 
rounds in 3 hours and 27 minutes, without widening 
the vent in the leaſt ; conſequently this manner of firing 
ſaves. Brent N oil ſince the ſame gun may ſerve in 
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ARTILLE RT. 165 
many ſieges, without having them recaſt, as was the caſe 
heretofore. 

The ancients made uſe of much larger calibers for 
battering pieces than we do; they knew very well that 
the breach is ſooner made with them ; but they imagined 
that the greater the force was, the quicker the work was 
done; for which reaſon they loaded their guns with as 
much powder as the ſhot weighed ; and as the ſtrength 
of the guns was made in proportion to the effort they 
ſuſtained, they became ſo. very heavy, as hardly to be 
managed; for which reaſon none but 24 pounders are 
uſed at preſent, whole ſtrength is made ſo as to bear a 
charge of two thirds of the ſhot's weight ; and though 
experience has ſhewn that one third was ſufficient, yet 
their weight has not been diminiſhed, 

This was the reaſon that induced us to make the 
battering pieces lighter, for we made the thickneſs of 
metal but three quarters of the ſhot's diameter at the 
vent, inſtead of a whole diameter, as in the preſent. 
And as the ſtrength of a piece is in proportion to the 
thickneſs of metal, that of ours will be to that of' the 
preſent pieces, as 3 to I; and the forces being nearly 
as the quantities of powder, ours will be acted upon but 
with half the force of the old; and conſequently their 
ſtrength is more than ſufficient upon all FATE 

Now as our new 42 pounder weighs 47 : 1 : o, and 
is 10 feet long, and the old 24 pounder weighs about 
51: 0: o, and is only 9. 5j feet long, we conceive that 
our new piece is much preferable for making a breach 
to the old 24 pounder. For it enters farther into the 
embraſures by ſix inches, and of conſequence does not 
deſtroy them ſo ſoon; it requires no more men to ma- 
nage it, and no more horſes to draw it; and as it will 
ſooner make a breach, there can be no compariſon made 
between their uſefulneſs. As to the charge, I would 
never uſe more than ten pounds of powder; for the 
forces of ſhots are in proportion to their weight multi- 
plied by the weight of the powder; whence a 42 Poun- 
M 3 dep 
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der loaded with ten pounds of powder will produce 2 
force, which is to a 24 pounder loaded with the fame 
charge, as 42 to 24, or as 7 to 4. This is the parti- 
cular excellency of large calibers, that they produce a 
greater force with le!s powder in proportion; and con- 
ſequently they are much preferable in moſt caſes. And 
they have another advantage, which is, when you fire 
at a diſtance with a proportionable quantity of powder, 
the reſiſtance of the air is reciprocally proportional to 
the diameters of the ſhots nearly; thus the diameter of 
a nine pound ſhot is 4 inches, that of a 49 pounder 

nearly; and therefore the reſiſtance of the g pounds 
1s to the reſiſtance of the 49 pounds, as 7 1s to 4 nearly, 
W hence it appears, that the firſt will meet with a re- 
ſiltance near double that of the ſecond. 


Conſirufion of batteries. 


To make a battery before the face of a vigilant enemy 
ſtrong and durable, and to uſe no more materials and 
workmen thin are neceflary, is perhaps the moſt im- 
portant work in a ſiege : though the enemy do not 
4 5 their ſituations, yet may gueſs where they ſhould 
be, and prepares his fire accordingly ; and fo ſoon as he 
hears the leaſt nviſe of workmen, will do all he can to 
annoy them both by his fire and fallies ; being ſenſible 
that when they are once made they will deſtroy all his 
defences, and diſmount his guns; and when that is 
effected, the approaches may be carried on without any 
other obſtacle than the fire of ſmall arms, againſt which 
the workmen may eaſily cover themſelves. 

To proceed with order, the quality and quantity of 
the materials, as well as the number of workmen and 
their tools, mult be determined as exactly as the nature 


of the ſubject will admit. From the known dimenſions | 


of a battery, the quantity of the materials may be de- 


termined and their kind from their ſituation. For the 


Parapet or breaſt-work is 18 or 20 feet thick, and 7:5 
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or 8 feet bigh z each gun takes up 18 feet parapet, and 
each end about 10: the embraſures are 3 feet from the 
ground, 2 feet wide within, and 15 or 16 without; ſo 
that the merlons or part between the embraſures are 16 
feet long on the inſide, and 4.5 or 5 feet high. 

The dimenſions of the faſcines are various, but the 
following are in my opinion the moſt convenient in 
many reſpects ; their diameters ſhould be 10 inches or 
circumference 31.5, and their length 10.8 and 6 feet : 
becauſe one of 10 feet and one of 8 make the thickneſs 
of the parapet; one of 10 and one of 6 the merlons ; 
one of 10 the ends; and one of 10 and 8 the infide of 
the embraſures : laſtly, 9 layers make up the height 
of the parapet. Another advantage of the above lengths 
is, that the ends of one layer will not be over thoſe of 
the next above it, and they are made and carried with 
more eaſe than thoſe that are longer, ſuch as the French 
generally uſe, 

Hence a battery of two pieces will be 40 feet long, 
and requires two faſcines * 10 feet, one of 8, and two 
of 6 for each layer from the ground to the embraſures, 
and four layers 8 of 10, 4 of 8, and 8 of 6 feet, which 
are required for that litight z becauſe four layers make 
40 inches in height, and the under one being ſunk abouc 


| 4 inches into the ground, there remains 3 feet. 


The diſtance between the two embraſures being 16 


feet, requires one of 10 feet, and one of 6, and each 
end one of 10, that is, three of 10, and one of 6 for 


each layer; and if we take 6 layers, 18 of 10, and 6 


| of 6, which makes the parapet 8 feet high; though 5 


layers will be ſufficient on moſt occaſions, yet it is proper 


to have ſome ſpare faſcines. 


As the embraſures are likewiſe to be ſecured with 
faſcines, each layer requires one of 10 feet, and one of 
8; ſo that the fix layers require 6 of 10, and 6 of 8 
feet; and as two embraſures require four times that 
number, that is, 24 of 10, and 24 of 8; to which muſt 

M 4 75 be 
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be added one to lay over each embraſure of 6 feet long, 
to cover the gunner againſt the plunging muſket ſhot , 
which two added makes 24 of 10, 24 of 8, and 2 of 6, 
for the number of faſcines required for the embraſures, 
The ends of the parapet are likewiſe ſupported with 
faſcines, one of 10 feet, and one of 8: and the ten 
layers 10 of 10, and 10 of 8; and both ends 20 of 10, 
and 20 of 8 feet long. 

So that a battery of two pieces requires 0 of 10, 48 
of 8, and 16 of 6 in all. When a battery is enfiladed 
by ſome of the outworks, they muſt have flanks from 
10 to 12 feet thick, and 18 long, which requires 10 
faſcines of 10 feet, and 10 of 8 each flank; and when 
the ſoil is ſandy, it is ſcarcely poſſible to keep up the 
earth on the outſide without faſcines, at leaſt from the 
berm to the embraſures ; for which it requires 8 of 10, 
4 of 8, and 8 of 6, in any battery of two pieces. 

Beſides theſe battery faſcines, others of a ſmaller ſize 
are required, which I ſhall call 3avins, to lay along the 
rope which traces the plan of the battery, and confines 
the earth till the other faſcines are laid and picketed ; 
as likewiſe to cover the powder magazines : their di 
meter may be g inches only, and length 6 feet. Theſe 
magazines muſt hold as much powder as is expended 1 in 
a day; ſuppoſing a 24 pounder to fire 100 rounds in a 
day, and loaded with '8 pounds each time, requires 
800 Ib. or 8 barrels; and as a barrel is about 15 inches 
diameter, and 30 long, 3 bavins will cover one; and 
as they are placed one over another, 12 bavins will cover 
the powder of one 24 pounder. 

As it is alſo neceflary to ſupport the rad of the faſ- 
cines in the front, the others being laid upon the bank 
of earth, and an upright poſt when the magazine is 
large: they are ſometimes covered with Plants when 
they can be had. 

I be length of platforms are commonly 18 feet, 8 
broad before, 15 or 16 behind; the planks a foot broad, 
and from 2 to 2.5 thick, The hurter to ſtop the wheels 


from 
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from damaging the faſcines is 5 by 6 inches ſquare, and 
8 feet long. There are five ſleepers to each platform to 
lay the planks upon, ; by 4 inches ſquare, and 18 feet 


long; each ſleeper is taflened by pickets drove faſt in 
the ground, two at each end, and two in the middle ; 
and the laſt plank by 4 to keep them cloſe together : 
there requires then 34 pickets for each platform. 
The faſcines muſt be well bound, thoſe of 6 feet by 
3 bands, of 8 by 4, and of 10 by g: the length of the 
pickets to pin down the faſcines muſt be from 3 to 5 
feet, the diameters of the heads from 2 to 3 inches, well 
ſquared at the heads, and ſharp at the points. There 
are three required for a faſcine of 6 feet long, four for 
one of 8, and five for one of 10; which makes 590 
pickets in all for a battery of two pieces. | 

A ſoldier may make 12 battery faſcines a day with 
the pickets required, when proper wood is to be had 
conveniently : a horſeman may make 20 bavins a day, 
bound in two places only, becauſe they require very little 
care to make them neat ; for it is the cavalry that gene- 
rally make theſe kind of faſcines. | 

Twelve ſoldiers will make a ſufficient quantity of faſ- 
cines in a day for a battery of two pieces, and three 
horſemen a ſufficient quantity of bavins at the ſame time. 
Each man muſt be provided with a hand-bill and two 
hatchets for the whole detachment to cut the branches 
from off the trees. Sets 

In the conſtruction of a battery of two pieces, it 
requires 10 mallets to drive the pickets, 15 ſpades, 
ſhovels, and pick-axes for digging, according to' the 
nature of the ground, It has been found that 50 men 
are ſufficient to make a battery of two pieces in one 
night, 70, go for one of 4 or 6 pieces. — 
The following table contains the number of men, 
their tools and materials, to conſtruct in one night bat- 
teries from 2 to 20 pieces of cannon, as nearly as we 
could compute them; but as it is convenient to have 
ſome faſcines and pickets to ſpare, and to. repair the 
| FO battery, 
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battery, we ſhall leave it to the engineer to make what 
allowance he pleaſes. We have not inſerted the number 
of faſcines and pickets required for the flanks; and if 
there are any, their number determined above muſt be 
added. We have neither marked the number of men 
or materials for batteries of an uneven number of pieces, 
becauſe they may be eaſily found, by taking half the 
ſum of the next greater and leſs, to have the number 
that is wanted. | 


Ricochet batteries. 


Formerly batteries were made at the opening of the 
trenches to protect the workmen, but ſo ſoon as the 
firſt parallel was made they became uſeleſs; and as they 
are expenſive to make, and require much time and 
labour, this method has been rejected; and now none 
are made before the firſt parallel 1s finiſhed. Beſides, 
the approaches are now made the firſt night as far as 
the firſt parallel, and the parallel itſelf ſo far as to be 
finiſhed and perfected the next day; and when that is 
done, the batteries are erected about 100 yards before 
them perpendicular to the faces produced, which they 
are to enfilade : when they are compleated, do remain 
till the ſiege is finiſhed, Theſe batteries ſerve likewiſe 
to diſmount the guns placed on the other faces nearly 
_ oppoſite to them. 8 

As the beſieged will ſpare no pains to fire upon the 
workmen, and retard their conſtruction as much as they 
can, I would advile the engineer to continue the trenches 
of communication from the parallel to the battery by 
ſap quite round it, in taking care to leave a ſufficient 
ſpace for the ditch before the battery to get the earth for 
making the parapet : then the workmen may go on 
night and day till the whole is finiſhed with very little 
danger. | 920 
Theſe firſt batteries muſt be made as ſubſtantial as 
poſſible, in order to reſiſt all the fire the * can 
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bring upon them: as they are too far from the works 
of the fortification, they can ſcarcely be enfiladed, and 
therefore require no flanks, 


Batteries on the glacis. 


Theſe batteries are made to make a breach in ſome 
of the outworks, or in the faces of the baſtions, and ro 
deſtroy the flanks; and as by this time the beſieged 
cannons have been or ſhould be diſmounted, except 
thoſe placed in the flanks, their parapets need not be 
above 10 or 12 feet thick; and as by this time the 
trenches are advanced upon the glacis within 12 or 15 
feet of the covert-way, the batteries are placed in them 
by which leſs labour, leſs materials, and leſs workmen 
are required : but as they are generally ſeen in the re- 
verſe, they require flanks againſt the fire of ſmall arms, 

Sometimes approaches are made uſe of to place bat- 
teries in them ; in ſuch caſes they are widened back- 
wards as far as is required for the recoil ; and if the 
approaches are too deep, the bottom muſt be raiſed to 
a proper height with faſcines and earth to place the plat- 
forms upon them; and the parapet or breaſt-work muſt 
be made of a ſufficient thickneſs, and lined with faſcines 
in the ſame manner as mentioned before. 


Mortar batteries. 


They differ from the former in having no embraſures, 
and may be ſunk into the ground: ſo that whilſt the 
workmen without, throw the earth inward to make the 
parapet, others within, may work to throw the earth 
forward; by which the parapet is much ſooner com- 
pleated than thoſe of cannon : the infide lope ſhould 
be conſiderable, that the bombardier may place two 
pickets, one at the top, and the other about the middle, 
in order to mark the line of direction for each * 
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The platforms are about 6 feet ſquare, 8 diſtant from 
each other, and as much from the parapet, ſloping for- 
wards, and are compoſed of 6 planks of 6 feet long, 
one broad, and 2 or 2.5 inches thick, 4 ſleepers, and 
about 28 pickets. As our mortar beds are made of 
ſolid timber, they commonly make a bed of gravel and 
ſand inſtead of a platform; but this method is diſapproved 
by the moſt experienced officers, eſpecially in ſieges. 

When mortars are placed in the approaches, it is only 
widened ſo much as to have room for the loading and 
firing the mortar, and the earth dug up ſerves to heighten 
and thicken the parapet without any other preparations. 


Battery in a mora fs, 


To find a convenient ſpot of ground in ſuch ſitua. 
tions, as likewiſe to make a road for the cannon and 
ammunition firm and ſecure, meets often with great 
difficulties, and ſeldom can be done but on or near the 
cauſeway that leads to the town; and if the place is 
properly. fortified, it has always a flank that enfilades 
the cauſeway from one end to the other: in that caſe a 
battery muſt be raiſed near enough to diſmount the guns 
of the place, in order to carry on the approaches by 
zig-zagues on the cauſeway, till you come within a 
reaſonable diflance to make a breach: the ſituation of 
the battery being fixed upon, faſcines, ſtone, and earth 
muſt be thrown in to make the foundation of the breaſt- 
work and. platforms ; when this is done to a proper 
height and levelled, the reſt of the parapet is Eniſhed 
with gabions, ſome of 4 feet diameter, -and as much in 
height; and others 3 feet high only for the embraſures. 

Tr requires 10 for the firſt row in a battery of two 
guns, and 5 for the thickneſs of the parapet, that is, 
50 gabions for the under bed. The row towards the 
town mult be placed firſt, and filled with earth brought 
in baſkets and fand-bags, or elſe theſe gabions mult be 
ſtuffed with wood; then the next row is placed cloſe 

to 
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to the firſt, and filled as quick as poſſible; and when 
another row is placed over the middle of the two firſt 


and filled, the workmen will be covered againſt the fire 


of the ſmall arms. When this is done the embraſures 
are marked, and gabions placed all round the merlons, 
beginning always with thoſe towards the place; or elſe 
the embraſures may be made with faſcines as before: 
and then the inſide or coffers may be filled with gabions, 
bavins, or faſcines, and earth to fill up the intervals, 
and make the parapet ſtrong and ſolid. If the height 
of two gabions is not ſufficient, faſcines and earth may 
be uſed to make up the deficiency. 
Ihe beds of the platforms are made with faſcines, and 
earth over them, ſo as to make it ſmooth and firm; and 
if that is not ſufficient, hurdles may be laid upon that 
bed, and more earth, and then the platforms in the 
manner as deſcribed before: when the whole is finiſhed, 


and the faſcine over the embraſures fixed, the gabions 


that maſk the embraſures are taken away, or elſe paſhed 
with a pole into the ditch before it, or ſo as not to pre- 
vent the ſeeing the defence of the place. | 

If there is no ſituatign near the cauſeway where the 
battery can be placed to make a breach, or to diſmount 
guns Which may ſee the breach, there is no other remedy 
than to carry a road made of faſcines, hurdles, and 
earth, either from the cauſeway, or the neareſt firm 
ground to the place where the battery is to be made. 

It happens ſometimes that the ground where the bat- 
tery can be made is ſeen by a ſuperior battery, that will 
diſmount the guns of yours; in this caſe a breaſt-work 
muſt be made at 20 or 30 paces before your battery, 
and embraſures cut 1a it ſo as that you may fire through, 
and prevent the beſieged from diſmounting your guns : 
this may always be done if there is ever ſo little bias, 
as it happened at Oſtend, when beſieged in the former 
war by the French, There was a ſpot of ground above 
the water, which overflowed all the adjacent ground 
when the tide was in; from this ſpot the harbour 5 

4 | - 


174 ARTILLERY. 

be enſiladed. Upon the fall of the adjoining baſtion to 
the harbour were placed fourteen 18 pounders, which 
bore obliquely upon the French battery of ſix 4 pounders ; 
but by raiſing another breaſt-work about twenty paces 
behind the firſt, rhey fired during the whole fiege into 
the harbour, without being ſeen or difturbed by the 
fuperior battery of the beſieged. 


Battery upon à rock. 


Such a ſituation is the moſt difficult of any, becauſe 
there is in many caſes no earth to be found but at a great 
diſtance, fo that the parapet muſt be made with ſtuffed 
gabions and blocks of wood ; the platforms partly cut 
out of the rock with pick-axes, and partly filled with 
earth and faſcines: and if the ſituation is ſeen by the 
beſieged guns, which can ſcarcely be avoided, and the 
battery not finiſhed in a dark night, it muſt be maſked 
with large trees or palliſades, otherwiſe the beſieged will 
pour all their fire upon the workmen, to make it in a 
manner impoſſible to finiſh it; ſince the ſplinters of the 
rock are no leſs dangerous than the ſhots. 

If there is no road to the rock bur what paſſes near 
the place, the firſt thing to be done is to convey the 
cannon and ammunition before the beſieged have any 
notice of your intention, otherwiſe they will oppoſe all 
they can to prevent it; and if they cannot, will render the 
paſſage ſo dangerous, as ſcarcely to make it practicable. 

The ſituation of batteries 1s generally determined by 

the object to be battered, yet the advantage of the 
ground is often taken, ſuch as a hollow, hedge, buſhes, 
or old building, if the beſieged have neglected to clear 
the ground; but care muſt be taken that the battery is 
Not too obliquely to make a breach, as it happened at 
Carthagena in 1742, where a battery of twenty 24 poun- 
ders was made in a copſe, and when finiſhed its fitua- 
tion was ſo bad, that after a week's firing the breach 
was ſo little, that a ſingle man could not mount it with- | 
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out being ſupported. At Minorca the French made a 
battery under cover of ſome empty houſes; and at the 
Havannah we made batteries againſt the fort Moro under 
cover of a wood. But when there is no cover, and you 
are obliged to make a battery near the enemy, the beſt 
method is to raiſe a great heap of earth by way of a 
cover, and make the battery behind it; and when it is 
finiſned, the earth is puſhed forward in the ditch, if 
there is any. 

To ſecure the gunners againſt the fire of ſmall arms 
whilſt they are loading the guns, ſhutters are made the 
width of the embraſures, either ſliding in grooves, or 
faſtened with hinges, ſo as to open or ſhut as occaſion 
requires. As to the reſt we refer the readers to our 
attack and defence, page 38, where they will find a 


plan, and a further explanation of every thing neceſſary 
not mentioned here. 


_— 


PART VII. 


Calculation of the quantity of ARTILLERY and STORES 
EA neceſſary for a field equipage. 


HE eftimates of an equipage either for the field 

or a ſiege, which have hitherto been made, are 
intermixed with ſo many other things, which the duty 
of an artillery officer has no immediate connection with, 
that it is ſcarcely poſſible to diſtinguiſh the one from 
the other, It is true that theſe things are neceſſary in 
the field, but then I would mention them in ſeparate 
articles, and let the artificers determine what tools and 
materials each branch wants. We ſhall therefore com- 
pute here the quantity of artillery, ammunition, and 
ſtores ; leaving the determination of the reſt to thoſe 
who are employed to do this buſineſs. wa uh 
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The quantity of artillery required upon different oc. 


caſions depends on ſo many circumſtances, that nothing 


preciſely can be determined; not only the ſtrength of 
the army is to be conſidered, but likewiſe the particular 
circumſtances in regard to the action they are about; the 


nature and ſituation of the country; the ſtrength of places, 


whether ſea- port towns or inland, great or ſmall, ſtrong 
or weakly garriſoned; their quantities of guns and 
ſtores; in general, every thing that makes it neceſſary 
to have more or leſs artillery muſt enter into the de- 


termination before a refolution can be taken, It was 


eſteemed formerly, that an army of 50000: men ſhould 
have go pieces of cannon, with all their appurtenances, 
and ſo more or. leſs, in proportion ; but ſince that time 


a much greater number has been uſed, eſpecially now, 


when two field pieces are allotted. to every battalion, 
beſides a ſeparate equipage, to be employed upon par- 
ticular occaſions. | 


The manner of computing the quantity of powder and ſpot 
fer an army. | 


It will be neceſſary that young officers ſhould know 
the manner and principles upon which the quantity of 
ſtores for an army ate determined; for which reaſon 
we ſhall begin with the common light field pieces. 

The 3, 6, and 12 pounders light, are commonly 
charged with a quarter of the ſhot's weight ; therefore 
a 3 pounder requires for 100 rounds 75 pounds of pow- 


der, and 300 pounds of ſhot neat weight. 


A 6 pounder for the ſame number of rounds, 150 


pounds of powder, and 600 pounds of ſhot. The 12 


pounder for the ſame number, 300 pounds of powder, 
and 1200 pounds of ſhot. The 24 light pounder is 
loaded with 5 pounds, therefore requires 500 pounds of 

wder for 100 rounds, and, 2400 pounds of ſhot. 
Theſe four pieces, which are the only calibers uſed at 


- preſent. 
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preſent in the field, require therefore 1025 pounds of 

der, and 4500 pounds of ſhot for 100 rounds. 

The long heavy pieces require a charge of one third 
of their ſnot's weight, and no more even for making a 
breach, as found by experience. Hence, a 3 pounder 
heavy requires 100 pounds of powder for 100 rounds 3 
a 6 pounder 200; a 12 pounder 400; and a 24 poun- 
der 800. Total 1500 pounds of powder, and the fame 
number of ſhot as before, | 

The quantity of powder required for howitzes and 
mortars is uncertain z- for it depends on the diſtances the 
ſhells are to be thrown. 


Powder and ſhot for muſtets, carbines, and piſtols. 


29 muſket bullets weigh 2 pounds; and hence 700 


men, or a compleat battalion require 24 £z pounds of 
| lead for one round, or 2407 pounds for 100 rounds 3 


muſkets, carbines, and piſtols require a charge of pow- 
der for loading -and priming, equal to half the weight 
of the bullets z therefore a battalion requires 120 
pounds of powder to fire 100 rounds, OW 
20 bullets for carbines weigh a pound, whence 120 


men, or a ſquadron of horſe require 600 pounds of ſhot. 


for 100 rounds, and 300 pounds of powder. 34 bul- 
lets for piſtols weigh a pound; ſo that a ſquadron re- 
quires x76 pounds of lead, and 88 pounds of powder 
tor 50 rounds. 

Now if the ſtrength of an army is known, as well as 
the number of rounds allowed them in a campaign, it 
will be very eaſy to know the quantity of powder and 
bullets that is required. There is ſcarcely more rounds 
allowed than what we have mentioned here, which ſeems 
to be quite ſufficient for the foot, eſpecially when it is 
conſidered, that perhaps one third of an army does not 
act in an engagement. As for the horſe there is more 
than what is neceſſary, ſince their action conſiſts chiefly 
with the ſword, whilſt they are on horſeback ; but as 
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the dragoons fight alſo on foot in a cloſe country full of 
hedges and ditches, where the horſes cannot paſs, they 
may be ranked with the foot. | 

It has been found by experience, that a man may raiſe 
a weight equal to his own, and that he may carry or 
draw about 530 pounds to a moderate diſtance; and it 
has been found, that one horſe can draw as much as 
feven men“; * a horſe will draw or carry 350 
pounds, though itas commonly ſuppoſed, that a horſe 
can draw but 3oo for a length of time; and it is upon 
this ſuppoſition that the number of horſes required in 
the artillery is computed. We have found likewiſe that 
ſix men will draw a light 6 pounder in the field back- 
wards and forwards, 


Number of horſes. 


Before we can compute the number of horſes, it i; 
neceſſ:ry to know the weight of each piece; from whence 
it appears, that a 3 pounder requires but 1 horle, a 6 

under 2, a 12 pounder 3, and a 24 pounder 6, of 
the light ſort; and the heavy 3 pounder 4 horſes, the 
ſix 7, the twelve 10, and twenty-four 17 or 18. 

Therefore the number of horſes for a ſet of light 
pieces is 12, and the number for a ſet of the heavy 38, 
which is above three times more than the former; and 
from thence one may imagine how much expence 1s 
ſaved by making uſe of thele light pieces in a campaign 
in this article alone, beſides what is ſaved in metal, 
workmanſhip, and in men to manage them. 


Light Pieces, Heavy. 
Caliber. Weight. Caliber. | Weight. 
3 TIT 12 TI e ER” 
+419; 10 5 F090 30:-0 
. 12 29:0: © 
e 24 | 51: 1: 12 


* Belid. Hydraul. vol. i. p. 44. ait. 12 3. 
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It muſt be obſerved, that though hotſes may draw 
ſuch a weight upon a common carriage, yet as thoſe of 
guns are ſo-injudiciouſly contrived, and the draught ſo 
diſadvantageous, as we have ſhewn in the conſtruction 
of limbers, the 12 pounders and upwards require more 
horſes than what we have ſer down here. But to give ſome 
idea of the number of horſes required in the artillery, 
we ſhall ſet down here the number employed in the 
campaign of 1747, given to me by Colonel Michelſon, 
where the reader will find many articles that could not 
be known without experience; and from thence it may 
be gueſſed what would be neceſſary in ſieges. 


Number of horſes uſed in the campaign cf 1747. 


Number Each Total 
1 Kettle drum — — 4 — 4 
2 Tumbrels — — 2 — 4 
6 Twelve pounders — 13 — 92 
6 Nine pounders — 11 — 66 
14 Six pounders — — 7 — 98 

26 Three pounderers — 4 — 104 
2 Howitzes ——— —— 5 — 10 

20 Ammunition carts — 9 — 60 
2 Forge carts — — 2 — 4 

30 Pontoons — 7 — 210 
3 Spare carriages for ditto 7 — 21 

Spare carriages for guns. 
1 Twelve pounder 7 — 7 
1 Nine pounder 8 — 5 
2 Six pounders — — 5 — 10 
4 Three pounders — 3 — 12 


Spare limbers. 


3 Twelve pounders 


N 2 3 Nine 
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3 Nine pounders 2 — 

ö 2 Six pounders — — 1 ⁵ — 
[* 3 Three 1 92 — — 11ꝗ92n3ü—ů— 

| Spare horſes __ — 


Total dothber of horſes db 7: Gia 738 


Baggage waggons for the officers. 
Waggons Horſe 


Colonel — — — — 3 10 
Comptroller — — 2 — 1 
Major — 2 —— 7 
4 Captains 4 — 16 
5 Captain Lieutenants — 5 — 15 
16 Lieutenants and Col. clerk — 6 —— 18 
Quartermaſter — I —_— 2 
Surgeon . 1— 3 
Pay maſter (aq q— 1 — 3 
Pay maſter's aſſiſtant and ſurgeon's 0 
mate — e 3 ä 

Chaplain and Compt. clerk —— xr — 3 
Commiſſary and waggon maſter —> 1 — 4 
2 Aſſiſtants to ditto — — 1 — 3 
2 Commiſſaries of ſtores — 2 — j 6 
2 Clerks of ſtores —2 17 1 — 3 
Conductors of ſtores — ̃ Jn 06 
Bridgemaſter — —  — 3 
16 Engineers — — 12 — 36 
5 Company's baggage 85 — 1; 
Contractors, artificers 6 — 18 

Total . 186 


. ons for frores. 


3 


Flag-waggon for the army and wy : 
Picket 


lery guard — — 
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— 4 
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1 Waggons Horſes 
picket and Provoſt I | 


| 


12 Pounders ſtores g — 27 
| Pounders ditto —— — 7 — 21 
6 Pounders ditto — 12 — 36 
3 Pounders ditto — 10 —— 30 
40 Rounds for Howitzes and Pe- { a 
tards Fine 
o Rounds Royal, Sc. ö 
Ammunition for 35,000 men — 122 — 360 
| Intrenching tools — 24 — 72 
Laboratory ſtores —— — 2 — 6 
| Gin waggon — F — 2 
Small ftores, artificers tools —— 20 — 60 
Spare waggons — 10 — 20 
Total! —— 225 — 675 
From which 1s to-be deducted | 
20 Ammunition carriages 10 —— 20 
For three pair of boxes —— 12 —— 36 
Total — ä — 22 — 66 
Remains 203 — 609 
Add baggage waggons — 59 — 186 
Horſes for the guns — 738 
Sum total — 262 — 1533 


N. B. Several remarks are to be made on this account, 
in order to underſtand. it rightly. The flag gun, which 
is a 12 pounder, had 17 horſes to draw it, although 
| the reſt. had but 13, which makes up the number 92 
horſes for the ſix 12 pounders : with regard to the wag- 
bons ſome were drawn by three horſes, and others by 
four; thus the comptroller had two waggons drawn by 
tour horſes, and one by three, As to the ammunition 
carriages which. were deducted, the colonel forgot on 
What account; all he remembers is, that they were 

N 3 either 
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either detached, or were not brought into the field that 
campaign; but as to the number of horſes employed, 
the account is right. Hence it appears, that there are 
many things neceſſary, which can no otherwiſe be known 
than by practice. We ſhail theretore add an account of 
the ſtores carried into the field the fame year, where the 
reader will find how neceſſary it is to ſtudy that branch 
of buſineſs, if he intends to be a compleat artilleriſt, 


Stores for the army in 1747, alphabetical. 


Aprons of lead 


— 6 


Fore Hind 

I2 9 — 122 

Axle- tree bound, ſpare 8 4 
ÜP’ 

For tumbrels, forge, Sc. — — 3 
felling — — 10 

Axes 751 8 — — — — 1495 
4 ot, flints — — 634 
Bags for ſponges — — — 60 
Barrels, budge — — 20 
Banners for kettle drum —— — 2 
Bayonets RE — 840 
wheel — — ä £0 

Barrows hand — — 350 
Beds for 188 5 ee e 
eee mortars — — 7 
Bills, hand — U — 1499 
Bridles for kettle drum chariot — — 4 
Bruſhes for harneſs to ditto — — 4 
Buckets of leather — 36 
| 12 pounders —— 7 

Carriages, travelling with 9 — 7 
limbers, compleat 6 — 1 
—— 5 


For 8 inch howitzes — 
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For pontoons — 33 
12 pounders — 180 
Cartridges, flannel, 39 — 192 
fixed with grape }6 — — 560 

; 2 1040 

For howitzes — 6 
12 pounders — 30 

: 9 — 30 
Ditto with round ſhot 6 70 
3 W 

12 pounders — 650 

19 — 650 

Empty paper cartridges 6 1330 
3 — — — 2220 

Cartridges for muſkets — — 56152 
cart ammunition — — — 20 
arts 7 forge — 2 
wax lb. — 50 

Candles 121 — — ä 80 
Crows, iron — — 15 
Canteens — — 230 
Caps for mortars —— wars 6 
Cartouch boxes — — — 1000 
Chariot for kettle drum — 3 1 
F hair — — — 24. 

$47 body — — 104 
Clouts, ſpare- linch 7 
| 12 pounders — — 7 

Chains, draught 49 3 7 
| 6 — 16 

Chains for howitzes — — 
char. buſhels — „ 

Coals ſea, ſacks - — 22 
Colours, quarter, with ſtaves — — 4a 
Cord, whip lb. — 1 
N 4 Coins 


12 pounders — — 14 

Coins 36 — — — 32 
for howitzes amp ©} — — 4 

Couples for chain traces — — 300 
Pals whole — — 40 
: . | lit 2 1 r 40 
Drums, kettle, pair — — I 
Eſſes for draught chains — — 60 
Lunion — — 2 
Flags jo q e „ 
Flambeaux, doz, — 8 
muſket —ä— — 1985 10 

Flints ꝙ carbine — — 5720 
piſtol — —d 10OOO 

12 pounders — — 

— 1 

Formers for 4 6 — — 
| 3 — — 1 
muſkets — — — 180 

Forelock keys —— — — 423 
Glue, b. ; — —2—ä— — | 6 
Greaſe, firkins — — 332 
Gins compleat —— — 2 
claw — — — — 4 

Hammers ſmall — — 4 
Hand ſpikes — — 148 
Hand ſcrews — — — 9 
N fixed — — A000 
Heng grenades empty — — 4000 
| "8 JI traces — — — 404 — 
Harle harneſs wanties — — 95 
bit halter — — A 


— 


Harneſs for kettle drum chariot, 4 to a ſet 

| men, 12 40 a ſet 8 40 
| Hatchets, hand — a | — 103 
Haverſacks 


ww 
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Haverſacks — — 


UW a6 


Helves, ſpare, for pickaxes —— —; 
Heads, ſpare, for kettle drums — 
Hemp rubbiſh, lb. — 
Hides tanned — — 
Hooks, pairs fling SETS + Os 
Hoops, hazle — 
Horns, powder — 
Howitzes — 

flat — IEIID — 5 

hoo — — — 
Irons g * 2 Ee a 

ſquare — — 0 
Iron priming, 4 to a ſet —— — 
Irons for marking horſes — 


Kettles, copper, with covers 
Keys, ſpring — — 
12 pounders 


Ladles with ſtaves 42 


6 — 
; 3 8 
Ladles for 8 inch howitz — 

dark „ 
Muſcovy — 

Lanterns ordthary 

tin 
12 pounders 
Limbers ſpare 4 6 ns 


tor howitzes —— 


Links, dozens 
Lines, Hamborough, lb. —— 
8 F with cocks — 
Lint ſtocks ial — 
Locks, ſplinter, pad — — 
Linch pins, pairs — 
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. FCrarred, ſheets — — 2 
Marlin 5 1 n. 2 
Mauls, large wooden — — 4 
Match —— 29:02:27 
Meaſures for powder, (12 pounders —— 

copper, from 3 Ib. J9 — — 
to + oz, from 8 02.16 — — 
to + ſets 3 — —— 
Meaſure for coals 1 buſhel — — 
Medicines, cheſts — — 
Mortars, coehorn — —— 
(carbines —— — 
iſtols — — 
Moulds for 15 e — 3 
ditto — — 

Muſkets — 9235 

40 — — — 20000 

30 — ——u- 2800 

20 — — — — 6000 

10 — — — 5000 

b 6 — — — 0 

Nails 4 TEN L000 

clout — — ä 3 co 

Copper — — nas 300 

dog — — 500 

ſtreak — — 128 

| 12 pounders — 6 

Ordnance, braſs 2 | N 5 

5 — — 26 
Pannels for carrying mortars — 6 
Paper, fine, reams — — 2 
Picker line, rope, 2 + inch coils —— 5 
Pickets, park, ſhod — — 60 
Petards fixed — 12 
Pails, wooden — — 6 
Pontoons — — 30 


4 


Powder, 


0 3 | | 2 196, 
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Elevation of a: Cheeck for a Field Piece a 


Carriage with its Iron work | 
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Powder, corned, barrels — 
muſket — 
Rods for Jean W — 
piſtol — 
Rings for forelocks 3 


12 pounders 

Be * 

Ropes, drag 4 6 
3 — — 

for howitzes —— 

Rope tarred, 2 + inch feet 


5 inch 
Ropes, white, coils > 4 
2 
Saws croſs cut — 
Scales, braſs, pairs wks 


12 pounders 


Screws for guns 4 


| 3 
Shells, empty + ineh 


© 5 — 
Shells, filled 5 — 
5-5 — 


[|| | 
enen 


Sheep-ſkins — 

Shovels 
muſket, tons — 58: 

Shot, lead carbine —— — : 
piſtol —— 0: 


on 


C12 pounders 
Shot, round 42 


6 — 
3 — 
C12 pounders — 


Shot, grape 2 
| 4 
$a. : [ 


1 


Slings for guns, pairs _ ——— — 
Spikes for __ — —. — 
4 pr — 
| Sponges with rammers | 
Ditto for Fhowirzes - Growing N 
mortars —©£ —— — 
Staves for ladies | 
Shot iron for grape —— — 
Steel —— —— | I 
Sticks for kettle drums, pairs — 
Stilliard with weight to weigh hundreds —— 
12 pounders — 
Swing trees, pairs 2 
howitz — 
12 pounders —— 
Tampeons, with collars 46 — 
3 — — 
howitz — 
Tilts, wadmill — — 
Tarpaulins — — 
field officers —— — 
captains — — 
ſubaltern — — 
Tents ( horſemens — FLAY 
French — — 
laboratory — — 
Thread — lb. — — 


3 


— 
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w 009 


70 


* 7 


5 carpenters cheſts 3 

wheelers mm 3 

Tools for artificers ( tinmens — 2 

N collar-makers —— 2 

coopers — 2 

miners — 2 

12 pounders — — 214 

"yy 9 e W 26 en 214 

Tin tubes 6 9 5 

3 — — 130 

Tumbrels — — — — 3 

Twine, Ib. — — n= 20 

Tug pins, ſpare, pairs — 24 

rn e Fore Hd. 

12 pounders —— 1 

. | rs 12 2 

Wheels, ſpare, pairs 8 BS Ht PT Fe 

Sm Ss 

howitz | — FEY 

Ditto for 4 forge or tumbrel —— 2 

ammunition waggons —ä — 2 

12 pounders — 6 

E — —— 6 

3 — — 26 

Waſhers, pairs — — 43 

Weights, braſs — — 1 

Whips for drivers — 3 
Laboratory ſtores. 

7+ inches — — 250 

Fixed fuſes 454 — — 3254 

i hand — =— 2000 

. ek — 4 

Iron drills for fuſes 337 — — 6 

9 hand  —— — 6 
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Hand mallets of ſorts for ditto . ' 16 
| 71 — — 4 

Small copper ladles K R — — 6 
Setters of wood for fuſes — — 4 
Mealed powder, lb. — — 210 
Sulphur ſublimate, Ib. — — 74 
Compoſition for fuſes, lb. — — 23 
Quick match, lb. — — 62 
Port fires — 6 
Rockets of 2 1b. for ſignals — 12 
Rods for ditto — — 12 
Canvas, ells — — 60 
Cotton wick, Ib. — ͥ — — 40 
Spirits of wine, gallon — — — I 
Cutting knives _ — ä — 10 
Raſps with handles — — 6 
Sciſſars, pairs — — — 4 
Pincers for fuſes — 6 
Small hand ſaws — __——— 6 
— _ Fſalting-boxes . — — 2 
Copper — for ſhells — — 2 
Melting ladles of ſorts — — 4 
Mealing table — — I 
Truſſes for ditto — — 2 
Rubbers for ditto — — — 2 
Hand-bruſhes — 4 
Sieves with tops and bottoms lanä(kꝛ :; 2 
Drawing knives — 3 
Quadrants — — 2 
Machine to draw fuſes — — I 
Ib. — 45 

Niet Tinte —— I 
Laboratory chelt, with padlock and key — I 


1 had this account from the Tower, but could have 
wiſhed that the particulars of cach ſort had been in 
ſeparate articles, which we might have done, were it 

not 
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not that we thought the reader would be pleaſed to ſee 
the order and the particulars as cuſtomary. 


Order of General BELTOR D' march of the ARTILLERY. 


1. A guard of the army. 

2. The company of miners, with their tumbrel of 
tools, drawn by 2 horſes. 

3. The regiments of artillery front guard. 
4. The kettle drums drawn by 4 horſes, and two 
trumpeters on horſeback. 

5. The flag gun drawn by 17 horſes, and five 12 
pounders more, by 15 horſes each. 

6. Eleven waggons with ſtores for the ſaid guns, and 
one ſpare, by 3 horſes each, | 

7. Six 9 pounders drawn by 11 horſes each. 

8. Nine waggons with ſtores for the ſaid guns, and 
one ſpare, by 3 horſes each, 

9. Five long 6 pounders, by 7 horſes each. 

10. Seven waggons with ſtores for ditto, and a ſpare 
one, drawn by 3 horſes each, 

11. Five long 6 pounders, drawn by 7 horſes each. 

12. Six waggons with ſtores for ditto, and a ſpare 
one, by 3 horſes each. + 

13. Four long 6 pounders, by 7 horſes each. 

14. Five waggons with ſtores for ditto, and a ſpare 
one, by 3 horſes each, 

15. Two howitzes, by 5 horles each. 

16. Four waggons with ſtores for ditto, by 3 horſes, 

17. Six ſhort 6 pounders, by 2 horics each, 

18. Three waggons with ſtores for ditto, by 3 horſes 
each. 

19. Six Royals with their ſtores in four waggons, by 
3 horſes each. 
20. One 12 pounder carriage, by 7 horſes; one 9g 

pounder carriage, by 5; one long 6 pounder carriage, 
by 5; two ſhort, by 2; one ſhort and one long lim- 
bers, by 1 horſe ; and two forges, by 2 each. 
21. Twenty 
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21. Twenty ammunition carts, by 3 horſes each, 

22. Nineteen waggons with muſket cartridges, and 
one ſpare, by 3 horſes each. 

23. Thirty waggons with powder, and one ſpare, by 
3 horſes each. 

24. Thirty waggons with muſket ſhot, band one ſpare, 
by 3 horſes each. 

25. Twenty-five waggons with intrenching tools, and 
one ſpare, by 3 horſes each. 

26, Twenty-five waggons with ſmall ſtores, and one 
ſpare, by 3 each. 

27. Six waggons for artificers, with 4 ſpare, each 


by 3. 
28. Thirty-two baggage Waggons, 9 by 4 horſes, 
and 23 by 3. 


29, Thirty pontoons and 3 ſpare carriages, each 
by 7. 

30. The artillery rear guard. 

31. The rear guard from the army. 


It muſt be obſerved, that there are parties of gunners 
and matroſſes marching with the guns; there are like. 
wiſe ſome parties of pioneers interſperſed here and there 
ro mend the roads, when they are ſpoiled by the fore 
carriages. 

There was then 1415 horſes employed this campaign, 
32 guns, 2 howitzes, 6 ſmall mortars, 244 waggons 
and carts, and laſtly, 30 pontoons; 20 of theſe laſt are 
eſteemed ſufficient for any part of Flanders, becauſe 
there is no river in this country that requires more to 
make a bridge over it. 

The French march their artillery much in the ſame 
manner, but divide it into brigades, each of which is 
commanded by its proper officers, has a detachment of 
pioneers to aſſiſt in bad roads, as likewiſe a guard of 


gunners and matrofles : the firſt brigade conſiſts always 


of ſome light pieces, followed by their proper ammu- 


nition, and preceded by a waggon loaded with tools, 
XS in 
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in order to make and clear the roads, if there is any 
occaſion; a gin follows each diviſion loaded upon a 
ſpare carriage; the next brigade follows in the ſame 
order, and preceded with a carriage loaded with tools, 
with a detachment of pioneers. 

The middle brigade conſiſts of the heavieſt pieces, 
and is called the park brigade; and as the others are 
only followed by ſo much ammunition as is ſufficient 
upon a ſudden occaſion, the reſt follow the park brigade, 
After this comes the baggage, and then the pontoons, 


with this reſerve, that if the army is to croſs a river, 


then as many pontoons march at the head as are ſuffi- 
cient to make a bridge. 


N. B. The front guns ſhould always carry 15 or 20 
rounds in their lockers, to be ready to fire upon 
any ſudden occaſion, the pieces ſhould be loaded, 


and the gunners have their matches lighted during 
the march. 


The detachments which march at the heads of the 
brigades, are to take care that the army baggage does 
not croſs the artillery, and the pioneers, if any carriage 
is overſet or ſtopt, to aſſiſt it; and in that caſe, word 
is given to the brigades before to ſtop, till all are ready 
to march, and when there 1s any ſtopping behind, thoſe 
before draw up cloſe at the fide of each other, till the 
reſt come up, and thea march on a common pace. 
Regularity and order ſhould be obſerved by all means 


to prevent confuſion, which is almoſt impoſſible where 


there are ſo many carriages. 

It muſt be obſerved, that the heavy 24 pounders, or 
upwards, and the mortars, muſt be carried upon block 
carriages; for they would require too many horſes to 
draw them upon their own. Thoſe who want a farther 
inſight into theſe affairs, may conſult S. Remy's Treatiſe 
of Artillery, where they will find every thing explained 
in a very ample manner; 4 which we could not do 2 

0 
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ſo ſmall a work as this. We intended to treat of the 
moſt eſſential part only, and ſuch as ſhould, be known 
to. molt artillery officers, who expect to have a com- 
mand. ; . 


To form a park of AR TIILERVY. Plate XX VIII, 


The artillery is generally placed about 300 paces 
before the middle of the firſt line of the army, upon 
ſome riling ground, except a more convenient ſpot of 
ground happens to be before ſome wing; but let the 
ſituation be where it will, the manner of forming the 
park is the ſame, except that ſome artillery officers differ 
in the diſpoſition of the carriages. Some place all the 
cannon and mortars in the front, with their ſpare car- 
riages; otheis are for dividing the equipage into bri- 
gades, and place the firſt in the front line, the ſecond 
into the next; and ſo on. But the beſt approved me- 
thod is to divide the artillery into brigades, and to place 
the guns of the firſt to right of the front line, and their 
ammunition behind them in one or more lines; then 
thoſe of the ſecond brigade next to the firſt in the front, 
leaving five paces between them, and their ammunition 
behind them, as before; and continue placing all the 
reſt in the ſame order, the pontoons forming the laſt 
line. General Belſord's diſpolition in the laſt war was: 

The fiſt line conſiſted of 32 guns mounted upon 
their carriages, ſeven ſpare carriages, 20 ammunition 
carts, and two howitzes ; the guns pointing forwards. 

ſecond line of go waggons. 

The third of 52 waggons. 

fourth of go waggons, 

fiith of 14 waggons, 30 pontoons, and three 
ſpare carriages. Each carriage takes up two paces or 
yards, and they are placed ac the ſame diſtance in the 
fame line; the ſecond line is 30 paces behind the firſt; 


the two next 20 from each other; and the laſt 30 
again. | 


The 
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The artillery companies and miners are half incamped 
to the right, and the other half to the left of the park, 
in the uſual manner, with ſome of the lieutenants in the 
tear of them. 

In the rear of, and 12 paces from, the park are in- 
camped the civil liſt all in one line; behind theſe, and 
at 30 paces diſtant, is a line of the remaining lieute- 
nants; and behind theſe the captains and commiſſaries. 

Oppoſite to the middle, and 30 paces behind the 
captain's line, is the major's tent; and behind this at 
20 paces, the colonel's to the right, and the comptrol- 
ler's to the left. | 

Oppoſite to the middle, and go paces before the park, 
is placed the army guard; and oppoſite to the right 
wing, the artillery guard at the ſame diſtance. 

The French method is; the cart loaded with tools, 
which marches at the head, is placed to the right of the 
firſt line; next to that the guns of the firſt brigade, 
which commonly conliſts of 4 or 6 ſmall pieces, with 


| a ſpare carriage to the left of them; the ammunition 
' WH carriages of this brigade are placed behind in one or 
, more lines, at 30 paces diſtant from line to line. Aﬀrer 
g this, the ſecond and ſucceeding brigades are placed in 
b the ſame manner, leaving five paces interval between 


the brigades: they continue thus to, place all the guns, 
with their ſpare carriages, in the front line; the laſt line 
is made by the pontoons and other carriages. 

S. Remy ſays, that ſeven pontoons will be ſufficient 
to make a bridge over any river in Flanders; but I be- 
lieve he did not mean the Scheld or the Maeſe, which 
ſeem to require more. It is however certain, that they 
carry no more than 20 pontoons and two ſpare carriages 
into the field; which is one third leſs than we do. | 

In the middle of the front two light pieces are ad- 
vanced at a diſtance of 20 paces, loaded with powder 
for the alarm guns ready to be fired when required. 

To the right of the park are placed the artificers, 
with their tools, materials, and baggage, in a line from 
ED O 2 5 the 
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the front to the rear. To the left of the park, the 
commiſſaries and their baggage; to the right of the 
artificers is incamped the firſt battalion of artillery, with 
their baggage and officers behind them in the. uſual 
manner ; and to the left of the commiſſaries, the ſecond 
battalion in the fame manner as the firſt. 

The horſes of the equipage are placed behind the firſt 

battalion, except thoſe of the picket in the rear of the 
park. 
What has been ſaid here is ſufficient to give a clear 
idea of a park fer a field equipage to a young officer; 
bur, with regard to one before a town belieged, we 
ſhail refer the reader to the works of French authors, 
Who have wrote largely upon it. 


REMARK 8. 


To determine the quantity of guns, ammunition 
ſtores, and every thing elſe neceſſary in the field or 
ſiege, ſo as to have enough, and no more, requires more 
knowledge and experience than can be found in one 
man. The French have a ſet of officers, whoſe bulinels 
it is to manage theſe affairs; and who are gradually 
initiared into it. It is from their works that moſt nations 
of Europe copy the quantities of ſtores wanted upon 
dilferent occaſions. As our commiſſaries of ſtores are 
taken into the ſervice when they are wanted, and dil- 
charged again ſo ſoon as the war is over, it is impoſlible 
we ſhould ever have any one capable of making a proper 

eltimate, unleſs the artillery officers would undertake 
that branch of buſineſs, which they conceive not to b- 
their duty ;; but, as they have more opportunities to be 
informed than any body elle, and if any material article 
ſhould be wanted in an action they may be blamed, | 
imagine it would conduce much to their honour, and 


be ar the ſame. time for the public advantage, it thc) 


did. It was to: afiit them as much as in my pov, 
that this work was wrote, which, by the help of expe: 
| , rience, 
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rience, will, I hope, be ſufficient to make an eſtimate 
of the molt material articles, leaving the reſt to the 
artificers to determine the quantities of moterials and 
tools they want, or to thoſe who have been employed 
in that buſineſs. 

Before we leave this ſubject, we muſt take notice of 
ſome defects in our ſtore carriages. As there are a great 
number of them not ſo well contrived as they mould 
be, it not only increaſes uſeleſs expences, but likewiſe 
cauſes more trouble in the marching, and ſhould be 
avoided. Furſt, as our powder carts hold no more than 
four barrels, and a great quantity is required in ail 
expeditions, they are not ſufficient ; for which reaſon 
there ſhould be powder waggons to hold tweive barrels 
each, - It 1s true, that the powder carts carry leaden 
bullets and ilints at the fame time; and are therefore 
more convenient to follow the battalions; but the reſt 
ſhould be carried in much larger quantities. The fame 
thing may be obſerved in reſpect to all other carts ; 
though they may be uſeful upon ſome particular occa- 
ions, yet they ſhould not be uſed in carrying great 


quantities of any kinds, for the whole weight lying 


upon one axle-tree, mult require more ho! ſes to draw 
a weight, than when the ſame weight lies upon two. 
This every carrier muſt know; and thercfore no more 
carts ſhould be uſed than are necefſar ry. 

As to the pontoon carriages, we have obſcrved, aſter 
their conftruction, how unſkilfully they were made 
tne pontoons being twenty feet long, which is longer 
than any waggon, and yet are ſupported only by one 
axle-tree z therefore the ſhaft-horle is hardly able to 
ſupport the weight laid upon it. As a pontoon cannot 
weigh above 1200 lb. with all its appurtenances, it ap- 


pes very extraordinary, that there ſhould be ſeven 


ories required to draw each, it can certainly be awing 
to no other cauſe than to the ill contri-arce of the car— 
riage : I would therefore make them with four wheels; 
and the fore ones but low, with a high boliter, that it 
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may turn with more eaſe in narrow roads ; this bein 
done, I am perſuaded, that four horſes would be ſuffi- 
cient to draw them. The travelling forge is no better 
contrived than the pontoon carriages ; for, when it is to 
be uſed, it is ſupported before by two props fixed to the 
ſhafts, which, by the leaſt accident, may give way, 
and down it goes, Nothing but the fondneſs for carts 
can excuſe ſuch a contrivance, | This has been remedied 
in ſome reſpect, as we have obſerved before. 

All carriages made uſe of in the artillery have ſhafts, 
and, to prevent the great length of thoſe thar require 
à great number of horſes, the rule is to draw by pairs 
a-breaft, which is an abſurdity no where elſe to be met 
with z for when the road is frequented by carriages 
drawn by two horſes a-breaſt, there is always a ridge in 
the middle, which the ſhafi-horſe, endeavouring to 
avoid, treads on one ſide, whereby the wheels catch 
againſt the ruts, and ſtop the carriage; and when the 
fore horſes bring them back, he treads on the other fide, 
where the ſame happens again; ſo that the ſhaft-horſe, 
inſtead of being uſeful any otherways than to ſupport 
the ſhafts, becomes a hindrance to the reſt : on the 
contrary, if the road is frequented by carriages drawn 
by horſes all in a ſtring, the fore horles mult either tread 
in the ruts, or elſe the road mult be quartered z and in 
that caſe the ſhaft-horſe muſt walk in the rut; conſe- 
quently, in all roads, except they are paved, either the 
ſhaft or the fore horſes muſt draw with all the diſad- 
vantages poſſible. This has never been taken notice of 
by any of thoſe who have the direction of theſe affairs, 
though no carriages require more perfection in their 
eonſtruction than theſe, on account of the great number 
_ wanting, and the heavy burthen that moſt of them are 
obliged to carry. 

This defect may be remedied by making two pair of 
ſhafts in all four-wheel carriages, in the fame manner 


3s is done in waggons that carry great loads, 


: 15 o 


* 
+9 + 


0 0 


ARTILLERY. 199 


LABORATORY Works, 


My deſign is not to give here any more than what is 


juſt neceſſary for the young artilleriſt to know in the 
| courſe of his duty, referring that part which regards 
the fireworks made for rejoicing to the excellent Treatiſe 
on Artificial Fireworks, wrote by Robert Jones, Lieute- 
nant in the Artillery, who gives all that can be ſaid on 
that ſubject, and has himſelf practiſed every part of it. 
| Printed for F. Millan. 


GRAPESHOT. 


The number of ſhot in a grape varies according to 


the ſervice or ſize of the guns; in ſea-ſervice ꝙ is always 
the number ; but by land it is increaſed to any number 
or ſize; from an ounce and a quarter in weight, to 3 
or 4 pounds. It has not as yet been determined, that I 
know of, what number and ſize anſwers beſt in practice; 
which I think ought to be tried: for it is well known, 
that they often ſcatter ſ@ much, that only a ſmall num- 
ber take place. It would not be a uſeleſs experiment, 
to try at what diſtance they would do moſt execution, 
and what is the beſt charge of powder, In ſea- ſervice, 
| the bottoms and pins are made of iron, whereas thoſe 
| uſed by land are of wood; for what reaſon this diſtinction 
is made, I cannot tell, unleſs that theſe iron bottoms 
are ſuppoſed to deſtroy the riggings of ſhips more than 
the wooden would do. : 


To make grapeſhot, a bag of coarſe cloth is made 


| juſt to hold the bottom which is put into it; then as 
many ſhot as the grape is to contain; and with a ftrong 


packthread they are quilted to keep the ſhor from moving: 


| and when they are finiſhed are put into boxes for carriage, 
| to be tranſported where-ever it is neceſſary, When the 
| ſhot are very ſmall, they are put into tin boxes that juſt 
| fit the bore of the gun. Leaden bullets are likewiſe 
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uſed in the ſame manner. It muſt be obſerved, that 
whatever number or fizes of the ſhots are uſed, they 


mult weigh with their bottows and pins nearly as much 
as the ſhot of the piece. | 


CARTRIDGES. 


The loading and firing guns with cartridges is done 
much {ooner, and leſs liable to accidents, than with 
looſe powder. They are made of various ſubſtances, 
ſuch as paper, flannel, parchment, and bladders, When 
they are made of paper, the bottoms remain in the 
piece, and accumulate ſo much, that the priming can- 
not reach the powder z and therefore they muſt be 
drawn from time to time, which retards the ſervice, 
They have another inconveniency, which is, they retain 
the fire; and, if particular care is not taken in ſpunging 
the piece, they will ſet fire to the next cartridge, and 
the gunner that puts it into the piece will be in danger 
of loſing a hand or arm, as has ſometimes happened. 
When they are made of parchment or bladders, the 
fire ſhrivels them up, whereby they enter into the vent, 
and become ſo hard, that the priming iron cannot re- 
move them ſo as to clear the vent. Nothing has been 
found hitherto to. anſwer better than flannel, and is the 
only thing uſed at preſent, becauſe it does not Keep fire, 
and therefore not liable to accidents in the loading; but 
as the duſt of powder paſſes through them, a parchment 
cap is made to cover them, which is taken off before 
this is put into the piece. 

1he beſt way of making flannel cartridges is, in my 
opinion, to boil the flannel in ſize; this will prevent the 
duſt of the powder from paſſing through them, and ren- 
ders them ſtiff, and more manageable ; for without this 
precaution they are ſo pliable, that when they are large, 
and contain much powder, they are very inconvenient 
in putting them into the piece. The Saxon, who intro- 
dueed our preſent light field pieces, had a particular 
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method of preparing cartridges, which was ſuch, that 
when laid into the fire they would not burn; and yer, 
by dipping them into water before they were put into 
the piece, would take fire as quick as powder; bur 
how he did it nobody could tell; for he would not parc 
with his ſecret, 

In quick firing the ſhot is fixed to the cartridge by 
means of a wooden bottom, hollowed on one fide ſo as 
to receive nearly half the ſhot, which is faſtened to ir 
by two ſmall flips of tin croſſing over the ſhor, and 
nailed to the bottom; and the cartridge is tied to the 
other end of this bottom. They are fixed likewiſe in 
the ſame manner to the bottoms of the grapeſhot, which 
are uſed in field pieces. 


PORTFIRES, 


Portfires are uſed ſometimes inſtead of matches, to 
ſet fire to powder or compoſitions; and are diſtinguiſhed 
into wet and dry. The compoſition of wet portfires is, 
ſaltpetre 4, ſulphur 1, and mealed powder 4; when the 
compoſition is well mixed and fieved, it is to be maiſt- 
ened with a little linſeed dil, and well rubbed with the 
hands till all the oil is well mixed with the compoſition. 
The compoſition of dry portare is, ſaltpetre 4, ſulphur 1, 
mealed powder 2, and antimony 1. Theſe compoſitions 
are drove into {mall paper caſcs, and fo kept till they 
are uſed, | 


QuiCKMATCH. 


It is made with three cotton ſtrands drawn into length, 
and put into a kettle juſt covered with white wine vine 
gar, and then a quantity of ſaltpetre and mealed powder 
is put in it, and boiled till well mixed. Others put 
only ſaltpetre into the water. After that, it is taken 
out hot, and laid into a trough where ſome mealed 
powder, moiſtened with ſpirits of wine, is thoroughly 
| 8 wrought 
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wrought into the cotton, by rolling it backwards and 
forwards with the hands : when this is done, they are 
raken out ſeparately, and drawn through mealed powder, 
then hung upon a line till dry. 


Tos Es uſed in quick firing. 


Theſe tubes are here made of tin : their diameter is 
two tenths of an inch, which is ſo as juſt to enter into 
the vent of the piece; about 5 or 6 inches long, with 
a cap above, and cut ſlanting below in the form of a 
pen; and the point is ſtrengthened with ſome ſolder, 
that it may pierce the cartridge. Through this tube is 
drawn a quickmatch, and the cap is filled with mealed 

owder moiſtened with ſpirits of wine. To prevent 
the mealed powder from falling out by carriage, a cap 
of paper is tied over it, which is taken off when uſed; 
but latterly this cap is made of flannel ſteeped in ſpirits 
of wine, and with ſaltpetre diſſolved in it; and there is 
no occaſion to take it off, ſince it takes fire as quick as 
looſe powder. e 

An objection is made againſt theſe tubes, which is, 
that the tin is apt to ſpoil the quickmatch when they are 
kept for ſome time; and it is imagined, that ſalt water 
would ſoon corrode them, and therefore not proper to 
be uſed on board of ſhips; this however has not been 
tried as I know of. The French ule a ſmall reed, to 
which is gxed a wooden cap about two inches long; 
they are filled with mealed powder moiſtened with ſpirits 
of wine, and a ſmall hole is made through them the 
ſize of a needle, through which the fire darts with great 
violence, and gives hre to the cartridge, which mutt be 
pierced beforehand with the priming iron. Theſe tubes 
may be kept a great while without being ſpoiled ; but 
the piercing the cartridge retards the quickneſs of firing. 
The forementioned Saen made his of copper, tapering 
towards the end, ſo as to enter the vent about half an 
iach, wh.ch is made fo far in the ſame form, and = 
reſt, 


Ll 
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reſt very narrow : they are filled in the ſame manner 
as the French, and when fired, the flame darted through 
the cartridge without being pierced. 


Fuzzs for felis and band grenades. 


The compoſition for fuzes is faltpetre 3, ſulphur x, 


and mealed powder 3, 4, and ſometimes g, according 
as it is required to burn quicker. Fuzes are chiefly 
made of very dry beech-wood, and ſometimes of horn- 
beam taken near the root; the upper part of that wood 
ſplits very eaſily, They are turned rough, and bored 
at firſt, and then kept for ſeveral years in a dry place: 
the diameter of the hole is about a quarter of an inch, 
a little more or leſs is of no conſequence z the hole does 
not go quite through, leaving about a quarter of an 
inch at the bottom; and the head is made hollow in the 
form of a bowl. The compoſition is drove in with an 
iron driver, whoſe ends are capped with copper to pre- 
vent the compoſition from taking fire; and equally hard 
as poſſible ; the laſt ſhovel- full being all mealed powder, 
and two ſtrands of quyckmatch laid acroſs each other 
being drove in with it, the ends of which are folded up 
into the bowl, and a cap of parchment tied over it till 
| uſed. It will not be improper to obſerve, that, when 
| ſhells are to be thrown at a ſmall diſtance, the compa- 
| ſition ſhould be made quicker than when they are to be 
| thrown at a greater; for, by cutting them ſo as to burn 
| but a ſhort time, they might not be long enough to be 
well fixed into the ſhell, by which the blaſt of the pow- 
der in the chamber would blow them out, without the 
| ſhell being able to burſt, It mult likewiſe be obſerved, 
that the cuſtom of fixing the ſhells at home is very bad; 
| ſince it is not known how long they ſhould burn; and, 


if they do not burſt as ſoon as they fall, the execution 
is but trifling. Another diſadvantage attends this prac. 
tice; when they are carried into a hot climate the wood 
thcioks, though ever ſo dry before; and the fuzes * 
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ſo much, that they fall out in the flight of the ſhell 
before it falls to the ground. 

When the fuzes are to be drove, the lower end is cut 
off in a ſlope, ſo as the compoſition may give fire to the 
powder; and they muſt have ſuch a length as to burſt 
nearly as ſoon as the ſhell touches the ground. When 
the diſtance of the battery from the object is known, 
the time of the ſhell's flight may be computed nearly; 
which being known, the fuze may be cut according ly 
by burning two or three, and making ule of a watch or 
a ſtring by way of a pendulum, 

Before ſhells are loaded, they muſt be well ſearched 
within ard without by means of a copper grater, to ſce 
whether there are no holes or cavitics in them; after that 
they are put into a tub of water, ſo as to cover them, 
with an empty fuze drove into them; and the mouth 
of a bellows, being introduced into the fuze, and worked, 
will cauſe bubbles in the water, if there are any holes 
in the ſhell; but if no bubbles appear, it is a ſign the 
ſhell is ſound and fit for ſervice. 

When they are loaded, care muſt be then that they 
are very dry within; and if the ſpike which ſupports 
the corp when they are caſt, and which remains in them, 
is not beat down, it muſt be done then, otherwiſ: it 
would ſplit the fuze. Then the powder is put into it 
with a tunnel, and not quite filled, that the fuze may 
have room to enter, which fuze is preſſed in at firft by 
the hand as far as it will go, and then drove with a 
mallet as hard as poſſible, taking care however not to 
ſplit it; for if the leaſt crack was in it, the compoliiton 
would give fire to the powder, and the ſhell would burt 
either in the mortar or in the air, and fo do no cxe- 
cution. 

It is a query how much powder is to be put into a 
ſhell, fo as to make it burſt in moſt pietes? It is agreed 
by moſt officers that they ſhould nor be quite filled ; one 
that has taken moſt pains to Rnd it out is of opinion that 
they 
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they ſhould be filled within one third part of what they 
can hold. | 

Lieutenant Pirle, a very ingenious mechanic, loſt in 

the Dodington ſome years ago going to the Eaſt-Indies, 
| had found out a method, ſo that as ſoon as the ſhell 
touched the ground it burſted ; but being too modeſt a 
man, had not the aſſurance to propoſe it to the maſter 
general of the ordnance, whereby the world was de- 

rived of ſo uſeful an invention. 

If the fuſes are to be kept for ſome time after they are 
drove, the top muſt be covered with a mixture of pitch 
| 2, roſin 1, and bees wax 3, whereby no air can come to 
the compoſition ; and it will keep as long as you pleaſe. 


CARCASSES, 


None but round carcaſſes are uſed at preſent, the flight 
of the oblong are ſo uncertain, that they have been quite 
laid aſide. The compoſition is pitch 2, ſaltpetre 4, ſul- 
phur 1, and corned powder 3. When the pitch is melted, 
the pot is taken off, and the ingredients well mixed put 
in; then the carcaſs is filled with as much as can be 


preſſed in. 


Ligb. BAL Ls to diſcover the enemy's Works. 


There are various ſorts deſcribed by different authors. 
Some are made of tow dipped into a compoſition of 
ſulphur, pitch, roſin, and turpentine; and worked up 
all together into a ball. Others take a ball of ſtone or 
iron, which is covered with ſeveral coats of compoſition 
much like that before-mentioned, till of a proper ſize; 
and the laſt coat is to be of grained powder, But the 
belt ſort, in my opinion, is to make a ſhell of paper 
the ſize of the mortar, and to fill it with a compoſition. 
of an equal quantity of ſulphur, pitch, roſin, and mealed 
powder; which being well mixed, and put in warm, 
will give a clear fire, and bura a conſiderable time. : 
| There 
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There are many more things uſed in the defence of 
a breach; ſuch as ſacks filled with powder, bottles, bar. 
rels, Sc. but as the chief intent of all theſe is to ſet fire, 
and blow up the affailants, and which every military 
gentleman may eaſily execute, we ſhall ſay no more here 
about them; cur delign being only to inſtruct the youn 
artilleriit in the moſt eflential parts of his buſineſs ; and 
to make him maſter of theſe matters, he muſt work in 
the laboratory; for practice is the beſt maſter, 


FIRESHIP, how to prepare it. 


From the bulkhead at the forecaſtle to a bulkhead to 
be raiſed behind the main chains, on each ſide and acroſs 
the ſhip at the bulkheads, is fixed cloſe to the ſhip ſides, 
a double row of troughs, two feet diſtance from each 
other, with croſs troughs quite round, at about two 
feet and a halt diſtance z which are mortiſed into the 
others. The croſs troughs lead to the ſides of the ſhip, 
to the barrels, and to the port-holes, to give fire both 
to the barrels and to the chambers, to blow open the 
ports; and the ſide-troughs ſerve to communicate the 
tire all along the ſhip and the croſs troughs. 

The timbers of which the troughs are made are about 
five inches ſquare ; the depths of the troughs half their 
thickneſs, and they are ſupported by croſs pieces at every 
two or three yards, nailed to the timbers of the ſhip, 
and to the wood-work which incloſes the fore and main 
maſts, and takes in an oblong in the middle of the 
deck, extending to the outſide of both the maſts, and 
in breadth is near one half of the deck; and is what 

makes the carpenter's room for his ſtores. The decks 
and troughs are all well paved with melted roſin. 

On each ſide of the ſhip are cut out fix ſmall port- 
holes, in ſize about 15 by 18 inches, the ports opening 
downwards, and are cloſe caulked up: againſt each port 
is fixed an iron chamber, which, at the time of firing 
the ſhip, blows open the ports, and lets out the fire. 


At 
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At the main and fore chains en each ſide is a wooden 
funnel fixed over a fire barrel, and comes through a 
ſcuttle in the deck up to the ſhrouds to give fire to 
them; and between them are cut two ſcuttles on each 
fide the ſhip, which alſo ſerve to let out the fire. Both 
funnels and ſcuttles muſt be ſtopt with plugs, and have 
ſail-cloth or canvas nailed cloſe over them, to prevent 
any accident happening that way by fire to the com- 
buſtibles below. | 

The port-hole, funnels, and ſcuttles, not only ſerve 
to give the fire a free paſſage to the outſide and upper 
parts of the ſhip, and its rigging, but alſo for the in- 
ward air, otherwiſe confined, to expand itſelf, and puſh 
through thoſe holes at the time of the combuſtibles bein 
on fire, and prevent the blowing up the decks, which 
otherwiſe muſt of courſe happen from ſuch a ſudden 
and violent rarefaction of the air as will then be pro- 
duced. 

In the bulkhead behind on each ſide is cut a ſmall 
hole, large enough to receive a trough of the ſame ſize 
as the others; from which, to each fide of the ſhip, 
lies a leading trough,,one end coming through a ſally 
port cut through the ſhip's fide ; and the other, fixing 
into a communicating trough that lies along the bulk- 
head, from one ſide of the ſhip to the other, and being 
laid with quickmatch only, at the time of firing either 
of the. leading troughs, communicates the fire in an 
inſtant to the contrary ſide of the ſhip, and both ſides 
burn together. The communicating trough, which js 
fixed to the bulkhead, and the leading troughs, ate the 
lame ſize as the others. 


Manner of preparing STORES. 


FirRE-BARRELS. 


The form of the barrels ſhould be cylindric, both 
vr on the account of that make anſwering better for 
| filling 
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filling them with reeds, and for ſtowing them on boart 
between the troughs ; their inſide diameters are ſuffi— 
cient, if about 21 inches, and their lengths 33. The 
bottom parts are firſt filled with ſhort double dipt reeds 
ſet on end, and the remainder with fire-barrel compo- 
ſition well mixed and melted, and then poured over 
them. 

There are 5 holes of 4 inches diameter, and 3 inches 
deep, made with a drift of that ſize in the top of the 
compoſition while it is warm one in the center, and 
the other four at equal diſtances round the ſides of the 
barrel, When the compoſition is cold and hard, the 
barrel is primed by well driving thoſe holes full of fuze 
compoſition to within an inch of the top; then fixing 
in each hole a ſtrand of quickmatch twice doubled, and 
in the center hole two ſtrands the whole length ; all 
which mult be well ſet or drove in with mealed powder; 
then lay the quickmatch all within the barrel, and cover 
the top of it with a dipt curtain, faſtened on with a 
hoop to ſlip over the head, and nailed on. 

The barrels ſhould be made very ſtrong, not only to 
ſupport the weight of the compoſition before firing, in 
removing and carrying them about, but io keep chem 
together at the time they are burning; for if the ſtaves 
are too ſlight and thin, and ſhould burn too ſoon, ſo as 
to give way, the remaining compoſition would be apt 
to ſeparate, and tumble upon the deck, which would 
deſtroy the deſigned effect of the barrel, which is to 
carry the fire aloft, 


IRon CHAMBERS. 


They are 10 inches long, and 2.5 in diameter; and 
breeched again{t a piece ot wood fixed acroſs the port- 
holes, and let into another lying a little higher; when 
loaded they are filled almoſt ful of corned powder, and 
have a wooden tompion well drove into their muzzles; 
are primed with a ſmall piece of n 
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through their vents into the powder, with a part of it 
hanging out; and when the ſhip is fired, they blow 
open the ports; which either fall downwards, or are 


carried away, and ſo give vent for the fire out of the 
ſides of the ſhip. 


CURTAINS 


Are made of barras about 4 of a yard wide, and one 
yard in length ; when they are dipped, two men with 
each a fork (on a ſhaft of the ſame ſize, with one prong 
in each if made on purpoſe) muſt run each of their 
prongs through a corner of the curtain at the ſame end; 
then dip them into a large kettle of compoſition well 
melted ; and when well dipped, and the curtain extended 
to its full breadth, whip it between two fticks of about 
5.5 feet long, and 1.5 inches ſquare, held cloſe by two 
other men to take off the ſuperfluous compoſition hang- 
ing to it; then immediately ſprinkle ſaw-duit on both 
ſides to prevent its ſticking, and the curtain is finiſhed, 


N. B. A copper fixed with a furnace is much better 
than a kettle that is not fixed, becauſe it muſt be 
taken off from the fire for every dipping, to pre- 
vent the ſtripped off compoſition from falling into 
it, which would unavoidably give fire to the whole; 
and renders the uſe of a kettle tedious that way. 


REEDS 


Are made up in ſmall bundles of about 12 inches in 
circumference, cut even at both ends, and tied with two 
bands each; the longeſt fort is 4 feet, and the ſhorteſt 
2.5; Which are all the lengths that are uſed. One part 
of them are ſingle dipped, only at one end; the reſt 
are double dipped, that is, at both ends. In clipping, 
they. muſt be put about 7 or 8 inches deep into a copper 
or kettle of melted compoſition z and when 9 1 
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little over-it, to carry off the ſuperfluous compoſition, 
tprinkle them over a tanned hide with pulveriſed ſulphur, 
at tome diſtance from the copper, 


BAVINS 


Are made of birch, heath, or other ſort of bruſh- 
wood, that is both quickly fired and tough; in length 
2.5 or 3 fect, the buſh-ends all laid one way; and the 
other ends tied with two bands each, They are dipped 
and ſprinkled with ſulphur the ſame as reeds, only that 
the buſh-encs alone are dipped, and ſhould be a little 
cloſed together by hand as ſoon as done, before they are 
Iprinkl.d, to Keep them more cloſe, in order to give a 
ſtronger fre, and to keep the branches from breaking 
off in ſhitting and handling them. 


Dis rOSTITIORH of the STORES on board, when laid 
for firing. 


The fire-barrels are placed under the funnels and 
ſcuttles, one to cach; and are fixed between the croſs 
troughs leading to the ſides of the ſhip, and laſhed to 
tiiein, and well cleeted to the deck. Thoſe at the fun- 


nels give fire to the main and fore ſhrouds; the reſt 


riſes over the deck through the ſcuttles. The plugs 
muſt be taken out of the funnels and ſcuttles before the 
ſhip is fired, and the curtains covering the fire- barrels 
cut open and rolled back, the quickmatch ſpread, and 
the top of the barrels well ſalted with priming compo- 
fition. The curtains are nailed to the beams of the 
upper deck, hanging down over the troughs, bavins, 
and reeds. 

The primiag compoſition; a part of it is laid along 
the troughs, and the reſt, after laying of the reeds and 
bavins, is regularly ſtrewed over all. The ſhort reeds 
double dipped, with ſome of the fingle dipped, are laid 
along both the Gides and croſs troughs, and communicate 
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the fire both to the barrels and chambers. The reſt of 
the ſingle dipped reeds and bavins are ſet about the fire- 
barrels, and to the ſides of the ſhip; and ſome flung 
upon the deck, f 

The quickmatch is laid two or three ſtrands thick 
upon the reeds in the troughs, and about the fire-barrels 
and chambers, to communicate a general fire at once. 
The reeds in the troughs with the quickmatch are laſhed 
on, to prevent their falling out by the rolling of the 
ſhip. 

The leading troughs are both laid with 4 or 5 ſtrands 
of quickmatch ; as is like wiſe the communicating trough, 
thar, by firing either of the leading troughs, the com- 
municating trough may carry the fire to the other {ide 
of the ſhip; which then runs along the troughs by the 
quickmatch on both ſides, and give fire to the whole in 
an inſtant. 1 


The Couros trio made uſe of for CurTains, Rips, 
and BAvins, are all the ſame, viz. 


Pitch I 4 Ky 
x aa 7 | N.B. For want of tar, take 3 lb, 
Tallow 2 of tallow, 
Tar I 

Fire- Barrel Coupos ir Io for one BARREL. 
Corned powder Ib. — 120 
Pitch — „ 60 
Tallow 10 


Divide the compoſition into ſive pots; the pitch and 
tallow muſt be firſt thoroughly melted. Tallow well 
the outſide of the pot to take off the heat; and then 
on in the powder by ſmall quantities, ſtirring it wel} 
about. | 


P 2 Priming 


PS. 


J = - . 
: 8 2 R => 1 
= 0 = —— _— — a — 
2 7 3 - - 
— — —ͤ—6ũ—ä — —— aA Toa — Yſ— — CY - 
azET = . —_ — 3 2 q * 
2 * 2 n — — — 


N > 


—— 


r 
> 2 — — — 


* 2 . 
KK „% L— — w — — 
— — — 8 4 


— — —— — 28 " - CY 
— - » 0) * SY . — ag x 2 * 4 
5 1 —_ - — Ee — — . — - 
4 —_ Fa 


ARTILLERY. 


Priming ComposITion for one BARREL. 


Corn powder Ib. 


— 100 

Petre — 50 

Sulphur — — 40 

Roſin — — 6 

Oil, pints 3 


Take 20 lb. of powder, which mix well with the 
petre, ſulphur, and roſin, work them well together, 
breaking it well in working; then put the reſt of the 
powder in by degrees, and work it altogether : ſpread 
it in a trough, and through a hair ſieve run 3 pints of 
cil all over it; then work it well together, and run it 
through a cane ſieve. 


N. B. In the following eſtimate for the quantity of 
ſtores requiſite, the reeds for the barrels are not 
included; it will take 1:00 ſhort double dipped 
more than theſe ſpecified; but their value is in- 
cluded in the article of bairels, 


STORES for a FIRESH1P of 150 7uns. 


Numb. Value. 
3 
Fire barrels — — 8 — 0 
Iron chambers — — 12 — 12: 0:0 
Priming compoſition barrels 3 — 21: 0:0 
Quickmatch barrels — 1 — 3: 0:0 
Curtains dipped — — 30 — 3: 0:0 
Long reeds ſingle dipped 130 — 10: 15:0 
i double dipped — 2:15:9 
Short reeds 1 . 5 — 12176 
Bav.ns ſingle dipped — 209 - 203-030 
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Quantity of Couros trio for preparing the STORES 
of a FikeSHip, 965 


pe ſſulpſeoiu ſpit ſro- ſtal· tar ſ oil 
tre. pow. ch [fin [low pts. 
For 8 barrelss— — o 0960048 o 80 O1 
For 3. 5 barrels of priming | | 
compoſition — — 175/1400 3500 o | 21] of ou 
For the curtains, bavins, 
and reeds for the ſhip, | | 
and ſulphur for ſalting | 


them — — Jo [209] © 3350 155 500 25 
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Total — 175|340/113101830 196 130 2511 
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Total weight of the compoſition 3017 equal to 
Ca g . 

Compoſition allowed for the reeds for the barrels one 
fifth of the whole of the laſt article, which is equal 
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to 160 lb. and makes the whole 3177 pounds, or 1 
rn. it 
We have completed the ſeveral branches of the art 1b 
of war, in eight volumes in oFavo, as promiſed. We 1 
1 


have done all that lies in our power to treat them with 
perſpicuity and clearneſs, in order to reduce the whole 11 
to as ſmall a compals as poſſible, for the ſake of thoſe [s 
military gentlemen who have an inclination to be maſters is 
of their buſineſs in a ſhort time, We could not en- 
large upon every particular ſo much as might be ne- 
ceſſary, yet whoever renders himſelf maſter of what 
we have ſaid, will find that nothing very material has 
| bren neglected, 
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States, Magazines, and Gazettes in Sets or Volumes, ſold, bought, 
or exchanged; as alſo Books in all Languages. 


BOOKS Printed for J. MILLAN, near White-half, 


1. ANCEUVRES for a Battalion of Foot upon fixed Prin- 
ciples, with 32 Copper- plates, Price 5s. To which may 
be had, Manceuvres with 17 Plates, an Eſſay on the Command of 
ſmall Detachments, and the Manual Exerciſe, Price 10s 6d. 
2. Value, &c. of Commiſſions on the Engliſh and Iriſh Eſtabliſh. 
ments on Two Cards, neatly engraved, 
3. A Liſt of his Majeſty's Land Forces and Marines, at Hom 
and Abroad, by Permiſſion, for 1768, 5s 
4. Recruiting Book, proper for all Officers on that Service. 
5. Regimental Book, beautifully engraved. 
6. Muller's Syſtem of Fortification, Engineering, Mining, Ar- 
tillery, Mathematicks, with large Additions, Two hundred Cuts, 
Eight Volumes, 21 10s. or any Volume ſeparate 73 - 
7. New Pruſſian Field Regulations for Foot, Quarte,%3s 6d. 
8, New Art of War, Price 7s 6d, . 
9. Major Rogers's Journal of the late War ig North America, 5s. 
10. His conciſe Account of North Americas s. 
11. Ponteach ; or, The Savages of America, A Tragedy, 28 6d, 
12. Timberlake's Memoirs of the Cherokee Nations, 45. 
13. Jacobi Petiver Opera Hiſtoriam Natoralem ſpectantia; con- 
taining ſeveral Thouſand Figures of Birds, Beaſts, Fiſhes, Reptiles, 
Inſects, Shells, Corals, and Foſſils; alſo of Trees, Shrubs, Herbs, 
Fruits, Funguſſes, Moſſes, Sea-weeds, &c. from all Parts, on above 
oo Copper plates, with Engliſh and Latin Names; the Shells have 
Enplifh, Latin, and Native Names. To which are added 100 Plates, 
and 17 curious Tracts, moſt of them ſo ſcarce as not to be purchaſed, 
which-completes all he ever wrote upon Natural Hiſtory (never before 
printed) in Folio, with 26 Plates of Flies finely coloured, 71 75. 
14. Dillenius's General Hiſtory of Land and Water Moſſes, Corals, 
&c.— The Cuts better Impreſſions and Paper than the Originals. 
15. Sheldrake's Herbal, containing 118 Royal Folio Copper- 


Plates, the moſt accurately drawn and engraved ever yet publiſhed, 


16. Sheldrake on Heat and Cold for Green houſes, Price 1s, 
17, Columella's Huſbandry, by Gibſon, 4to. 

18, Palladio, finely engraved, by Ware, 7s 6d. 

19. Hill's Review of the Royal Society, 10s 6d, 

20. Sharpe's Engliſh-Hebrew and Engliſh and Latin Grammars, 
21. Defence of Chriſtianity, 3s. Oligarchy, 1s. 

22, Letters from a Perſian in England, 33. 

23. Langley's Gothic Architecture, 15s 

24. Treaſury of Deſigns, 15s. . 
25. Inigo Jones's Deſigns for Chimnies, Cielings, Temples, &c. 
26. Tandon's French Grammar to learn without a Maſter. 

27. Morris's Lectures on Architecture, 2 Parts, 65. 

28. Prior's Poſthumous Works, 2 Vols. 10s. 


(> Philoſophical Tranſactions, Debates in Parliament, Political 
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